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INTRODUCTION

SITE LOCATION

ST

The site of the West Lake Landfill is located at 13500 St. Ch%rles Rock Road in
c

Bridgeton, Missouri (see Figure IN-1). Thejsé}e of the old iandfiliféégggggh

approximately _ acres, was placed on the ailavium of the Missouri River, and
part was placed in previously existing rock quarry pits at the edge of the
Missouri River Valley. Current landfilling is being carried out in a deep
quarry placed in bedrock formations which are hydrologically isolated from the

old landfill, and is therefore not part of this study.

PURPOSE

The hydrogeologic investigation was intended to obtain the data necessary to
define the groundwater flow patterns and flow rates in the vicinity of the site,
and determine the nature and distribution of any contaminants which may occur in
the groundwater. It was also intended to provide a basis for planning a program
of long-term groundwater quality monitoring at the site and background data for

development of a remedial action program if conditions warrant.

Because the geologic setting and stratification of the subsurface materials
beneath the site influence the groundwater occurrence and flow pattern, a major
part of the investigation was directed towards defining the site geology and
engineering properties of the subsurface materials. In addition, a certain
amount of data was available from previous investigations, and an analysis was

made of the usefulness of that information.
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SCOPE

To analyze the hydrogeologic conditions at the site, field work was performed in
two phases, after evaluating existing subsurface information, as well as
available geological publications. Soil samples were obtained from 15 borings
drilled for this investigation. Selected samples were tested for soil

engineering properties, including moisture content, density, grain size, and for

—

fine grained soils, ALLQEQEEE_EEEEEE: “;Iziﬁméfé?'gfgﬁééigé;uwere-installed-in
the borings, both to future water level measurements and in some cases to obtain
groundwater samples for chemical analysis. Twenty of the previously existing
piezometers on the site were found to be usable for water level determinations.
Therefore, water levels were measured periodically in a total of 35 piezometers.
The piezometer tubes are screened at various depths in the alluvial aquifer, to
determine the hydraulic head and groundwater flow direction at different levels

in different and areas of the site.

Groundwater samples were collected from 18 selected monitoring wells. The wells
were selected to provide data at widespread locations on the site and at
different depths within the alluvium. Two rounds of sampling were performed,
one 1in winter and one in summer. The water samples were chemically analyzed in

the laboratory for full priority pollutants.

To assist in interpretation of the data from this investigation, maps and
subsurface profiles have been prepared showing the hydrauliec head in the
aquifer, and the distribution of chemical constituents in the groundwater. The

maps and profiles are included in this report.
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The analysis of the data includes an assessment of the impacts of . the landfill

on the groundwater of the area.

The analysis was applied towards recommending a

plan for future, long-term groundwater monitoring.
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PART I

GEOLOGICAL SETTING

In the St. Louis vicinity, the bedrock stratigraphic sequence consists primarily
of limestone and dolomite which were deposited, for the most part, in shallow
epicontinental seas. Geologic deposits range in age from Precambrian to
Holocene. The Precambrian rocks are the only units that do not crop out in the
St. Louis areaj they are, however, present in the subsurface. Many periods of
emergence, nondeposition or erosion are implied by the disconformities and local

unconformities observed in surface exposures and well data.

Bedrock in the West Lake area consists of limestones of the Pennsylvanian and
Mississippian systems (Ref. 1). A thin deposit of the Cherokee Group
(Pennsylvanian) occurs nearest the surface at the site. The Cherokee consists
primarily of limestone in this area, but may also contain interbeds of other
clastic sedimentary rocks, primarily shales (Ref. 2). Below the Cherokee are
Mississippian limestones of the Meramecian series. The Ste. Genevieve limestone
(approximately 30 feet thick), if present here, is apparently quite thin.
Occurring stratigraphically selow the Ste. Genevieve is the St. Louis Formation
(approximately 100 feet thick). The Saint Louis is the primary limestone which
is presently mined at the West Lake Quarry. Below the St. Louis Formation is
the Salem Formation (approximately 100 to 160 feet thick), a limestone which 1is
also being quarried at West Lake. The Warsaw Formation occurs below the Salem.
The Warsaw is a shaley limestone with some shale interbeds (approximately 80

feet thick) and quarrying probably terminates near the top of this stratum.
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The present structural attitude of the rock wunits is the result of
compressional, tensional and uplifting forces which moved and altered the units
from their original depositional positions. These forces have folded,
fractured, faulted and tilted the focks in the St. Louis area to a moderate
degree, and the resulting structures are superimposed on a regional dip or
large-scale tilting of the rock wunits of from 60 to 80 feet per mile.to the
northeast. Locally, in the West Lake area, the bedrock strata are nearly

horizontal with minimal fractures.

Alluvium, including thick deposits of glacial outwash and some river terrace
deposits fills the deeply eroded bedrock channel formed by the Missouri River
during the Pleistocene Epoch. The thickness of the alluvium is variable because
of 1irregularities 1in the bedrock surface upon which it was deposited, but the
maximum known thickness is approximately 150 feet. The alluvium is composed of
clay, silt, sand and gravel. In general, the alluvium becomes coarser-grained
with depth. Occuring on the Missouri River valley bluffs above the river valley
are thick loess deposits. These loess deposits directly overlie the bedrock of

the uplands.

The West Lake Landfill site is located on the Missouri River valley's east wall
(Figure I-1). Bedrock in the landfill vicinity occurs near the surface at the
point of transition between the loessial bluffs to the east and the alluvial
valley to the west. The generalized line of transition is shown on Figure I-2.
The bedrock surface drops off sharply below the valley to the west and the loess
bluffs rise abruptly above the bedrock to the east. The quarry operations occur

generally where the bedrock is nearest the surface at the edge of the wvalley
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wall, and past landfill operations have generally extended from the quarry area
westward on the alluvium. The surface of the alluvial deposits is quite level,

although small drainageways and channels create slight depressions and terraces.

Figure I-1 is a generaliied, vertically exaggerated geologic profile across the
Missouri River valley in the vicinity of the site., This profile illustrates the
relationships between the impervious bedrock, the alluvial aquifer, and the

general range of water table elevations in the aquifer.

Figure I-2 is a site plan showing the topography of the site and the locations
of the borings drilled and/or used in this investigation. Also shown on Figure

I-2 are the approximate boundaries of the landfilled area.

Figure I-3 is a detailed geologic profile along the southwest perimeter of the
existing landfill. The location of the line of the detailed geologic profile is
shown on Figure I-2. Figure I-3 shows the relationships between the bedrock and
the overlying alluvium, comprised of the coarse-grained aquifer and the
uppermost, generally fine-grained aquitard. Also shown are water levels in
piezometers at times of relatively high river stage (and consequent high water
table in May 1984) and relatively low river stage (and consequent low water
table in February 1984). Also, note that the water table intersects the ground
surface in the drainage ditch adjacent to the road at the northern end of the

profile line.

* k %k %k %
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"PART II

SUBSURFACE INVESTIGATION

.PRELIMINARY AND PRIMARY INVESTIGATIONS AND PREVIOUS STUDIES

A preliminary subsurface field investigation of the site was conducted 1in
August, 1984, The field and laboratory work performed for this
investigation were intended to supplement information from previous
investigations of this site, and to obtain additional information on
groundwater conditions. The preliminary investigation included drilling and
sampling nine borings, four of which extended to bedrock. The locations of
the borings (which are numbered in the 80's) are shown on Figure I-2. The
information was presented in the report entitled "Hydrogeologic
Investigation - West Lake Landfill - Preliminary Phase Report", January,
1985 by Burns & McDonnell. After the preliminary phase of the project was
completed and the data evaluated the primary phase was begun. Six test
borings were drilled and piezometers installed in April and August, 1985.
All six test borings were dtilied to bedrock. The locations of these

borings (numbered in the 90's) are shown on Figure I-2.

Existing piezometeres (numbered in the 50's, 60's, and 70's) were evaluated
for soundness of construction by field inspection and response to water
level changes and found to be acceptable for indication of water levels
(hydraulic head). Therefore, data collected from these piezometers was

utilized to evaluate groundwater gradients and flow directions.

WST2.HYI II-1



Piezometers were installed in all borings for both phases for purposes of
water level determination were used for obtaining water samples for chemical
analysis. Some of the piezometers were clustered with existing monitoring
wells or with each other resulting 1in eight clusters of water level
monitoring points that can be used to detect possible differences 1in water
pressure (hydraulic head) with depth. Boring depths ranged from 22.0 feet
to 143.3 feet. Soil samples were obtained on 5- or 10-foot centers in all
borings according to ASTM standards. Using thin-walled Shelby tubes, 12
undisturbed soil samples were obtained at various depths in the borings.
Using standard penetration test procedure, 156 split-spoon samples were also

obtained.

The geologic logs of all of the borings drilled for this investigation are

included in Appendix A.

MONITORING WELL PROGRAM

Piezometers were installed in each boring according to the typical
construction diagram in Appendix B. Specific construction details for
piezometers are noted on the respective boring logs. When piezometers were
not responding to changing water levels in the aquifer they were developed
by evacuating with compressed air until clear water flowed freely into the
piezometer. Piezometer D-87 did not respond even after evacuation by
compressed air, so it was bailed and surged to ensure that it was
functioning properly. Piezometers were installed at shallow depths
(designated "S" and screened near the water table elevation), deep depths

(designated '"D" and screened near the bedrock surface), or intermediate
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depths (designated '"I"). Deptﬁs were determined considering depths of
nearby existing piezometers so that the entire saturated thickness of the
aquifer could be monitored. Because the depths of many of the shallow and
intermediate piezometers were close to each other, data from the shallow and
intermediate piezometers were all used together for contouring the water

table.

Presence and depth of free water was noted on boring logs during drilling,
when possible, and water levels in borings and piezometers were noted
immediately after installation and at various times thereafter. These water
levels, along with water levels from existing monitoring wells, are
tabulated in Appendix C of this report. A surface water monitoring point
(SMP-4) was placed in the drainage ditch along St. Charles Rock Road at the
northern tip of the site. Throughout most of the year, the water table in
the aquifer 1is above the bottom of the ditch, so monitoring surface water
elevations there provides data on hydraulic head in the aquifer. SMP-4 was
destroyed before 1its location and elevation were surveyed but changes in

water levels were recorded for three months.

During the preliminary phase, in-situ hydraulic conductivity was determined
in four piezometers using a single~pulse bailer test, performed according to
methods described by Hvorslev (1951). An air compressor was used to
evacuate the piezometers, and water levels were measured as the well
recovered. Data from these tests along with calculations of permeability
using Hazen's formula are presented in Table D-1 in Appendix D of this

report.
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DRILLING AND SOIL TESTING

The soil borings were drilled using a truck-mounted Acker MP-5 drill rig.
Generally, 4-inch-diameter continuous-flight augers were used to drill above
the water table and 4-1/2~inch-diameter Tri-cone rotary wash methods were
used below the water table. The drilling was performed by Wabash Drilling
Company (Subsurface Construction Company), St. Louis, Missouri, under the
continuous observation of a Burns & McDonnell geologist who logged the
encountered soil and rock materials. Surveying to determine boring

elevations was done by Bollinger Surveying Company.

Laboratory testing of the soils material was performed by Kansas City
Testing Laboratory, Shawnee Mission, Kansas. Tests included (three)
moisture contents, (three) dry unit weights, (two) Atterberg limits, (eight)
sieve analyses, and (two) hydrometer analyses. All tests were performed in

accordance with ASTM standards.

The results of all soils laboratory tests for engineering properties are

included in Appendix D.

GROUNDWATER SAMPLING AND CHEMICAL ANALYSIS

1. SAMPLE LOCATIONS

For the evaluation of groundwater chemical quality, 18 existing
monitoring wells were selected for sampling. The wells were located in

various locations around the site of the previously landfilled areas and
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screened in the shallow, intermediate and deep parts of the alluvium.
There were two sampling rounds, from December 11 to December 15, 1985,
and from May 19 to May 21, 1986. The purpose was to evaluate the
difference in groundwater quality in relation to seasonal wvariation.

The sampled monitoring wells were as follows:

$-51 D-87

I-59 D-88

I-66 D-89

S-80 D-90

D-81 D-91

D-82 D-92

D-83 D-93

S-84 D-94

D-85 D~95
hould be noted that Piezometer I-66 was not sampled during the first
ling round because it was inundated by surface water in the road-side
h.
FIELD METHODS

All samples were collected by a Burns & McDonnell Environmental Engineer

with assistance from West Lake employees.

Before sample collection, the water level was measured to determine the
amount of water in the piezometer casing. Approximately three casing
volumes were then removed from each piezometer with a bailer and the
piezometer was allowed to recharge before sampling. A Teflon bailer

with polypropylene rope was used to flush and sample.
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Before moving to the next well, the bailer was thoroughly cleaned with

distilled water and the polypropylene rope was replaced.

The samples were collected in bottles prepared and supplied by the
laboratory. The volatile samples were collected first, leaving no air
space in the sample vials. All preservatives were added to the samples
in the field except for the metals samples. Preservative was added to
the metals samples after they were filtered through a 45-micron Geotech

backflush filter. This took place at the end of each sampling day.

All samples were kept cool until delivery to the laboratory. All sample
bottles were accompanied by Chain~of-Custody forms listing information
such as the sample number name of sampler, date, bottles, and type of

analysis.

CHEMICAL ANALYSIS

All samples were analyzed for priority pollutants listed under 40 CFR,
Part 122. The priority pollutants consist of the following:

Volatile Organics
Acid/Base Neutral Extractables
Pesticides/PCB's
Total Phenols
Total Cyanide
Metals

In addition, during Round 1, samples for Monitoring Wells D-83, S-84, D-85

and D-92 were analyzed for gross alpha and beta radiation. On May 7 and 8,

1986, water samples were collected from 32 wells by Department of Energy

personnel and analyzed for gross alpha and beta radiation.
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LABORATORIES

The ftiority pollutant samples collected during Round 1 were analyzed by
Environmental Trace Substances Research Center, located in Columbia,
Missouri. The samples analyzed for gross alpha and beta were sent to
Controls for Environmental Pollution, Inc., in Santa Fe, New Mexico.
Volatile organics were analyzed according to EPA Method 624.
Base-Neutral Extractables were analyzed according to EPA Method 625.
Acid extractables were analyzed according to EPA Method 604. Pesticides
and PCB's were analyzed according to ERA Method 608. Metals were
analyzed by inductively coupled plasma, and cold vapor atomic absorption

was used to detect mercury.

The second round of priority pollutant samples was analyzed by
Envirodyne Engineers of St. Louis, Missouri. The Department of Energy
gross alpha and beta samples were analyzed by Oak Ridge Associated
Universities, in Oak Ridge, Tennessee. Volatile organics were analyzed
by EPA Method 624. Base-~Neutral/Acid Extractables, and Pesticides/PCB's
were analyzed by EPA Method 625. Arsenic, selenium, silver, antimony
and thallium were analyzed by furnace atomic absorption. Mercury was
analyzed by cold vapor atomic absorption. The remainder of the metals

were analyzed by inductively copyled plasma.
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E.

DATA INTERPRETATION

GEOLOGICAL INFORMATION

The geological and subsurface information obtained from the test borings
on the site is illustrated on several subsurface profiles to facilitate
interpretation and understanding of the geology of the site. The
profiles have been used to show the lateral changes in subsurface
materials, determined from the geologist's logs and soils laboratory

data.

WATER LEVEL DATA

Selected rounds of water level measurements have been contoured in plan
view to illustrate the configuration of the water table in different
parts of the site at times of different river stage. From the water
level contour maps, directions of groundwater flow are indicated. Maps
were prepared separately for the deep piezometers so that comparison
between groundwater flow in the deep and shallow/intermediate zones in
the aquifer could be made. Note that the depths of the bottoms of the
piezometers designated shallow and intermediate are vary nearly the
séme, so for purposes of this report, they are contoured together.
Selected water levels are also shown on geologic profiles (Figures I-1
and I-3) to illustrate the relationship between deep and shallow water
levels. In addition, two graphs are provided showing change in Missouri

River stage relative to changes in water levels in selected piezometer.

* % % %k % %
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PART III

SUBSURFACE CONDITIONS

UNCONSOLIDATED OVERBURDEN

There are basically two types of unconsolidated overburden in the West Lake
vicinity; windblown silt (loess) and Missouri River alluvium. The loess
overlies bedrock on the bluffs bordering the Missouri River Valley. The old
landfill operétions on the West Lake property are generally to the west of
the loess bluffs. No loess was encountered in test holes drilled for this
investigation. Due to the long-term construction activities at the site,
soil and crushed rock fill material occurs to depths of over 30 feet in some
places on the site. An example can be seen on the log of Boring D-92, where

fill soil and rock occurs to a depth of 31.0 feet.

Within the Missouri River Valley are thick deposits of alluvium. The
alluvium consists generally of sand and gravel, with minor seams and lenses
of clay and silt. Silt and clay occurs in the alluvium in significant
amounts at shallow depths, with the maximum depth of occurrence of
approximately 25 feet in some locations, and as little as approximately 5
feet 1in other areas. The alluvium extends to depths of over 100 feet. The
alluvium thins abruptly toward the valley edge as the bedrock rises beneath
it to form the valley wall. Permeability of the alluvium ranges from 2.4 x

1074 em/sec to 2.5 x 107! cm/sec (see Table D-1 in Appendix D).

Ten borings drilled for this investigation penetrated the full thickness of

alluvium. Table III-1 presents a summary of alluvium thicknesses and the

WST3.HYI I11-1



depth to bedrock in each of these borings. All ten of these borings

terminated in limestone bedrock.
Table III-1

SUMMARY OF BORING DEPTHS

Thickness Depth to
Boring No. of Alluvium (fe( Bedrock (ft)
D-83 115.3 115.3
D-85 61.5 83.5
D-87 92.0 111.0
D-89 33.9 47.8
D-90 46.0 46.0
D-91 44,0 44,0
D-92 112.6 143.6
D-93 104.0 118.0
D-94 108.8 108.8
D-95 92.6 100.6

Natural deposition in the Missouri River floodplain has occured as the river
channel meandered between the valley walls creating point bars and natural
levees, filling abandoned channels, and temporarily forming swamps, Llakes,
and small channel environments. This resulted in the deposition of various
materials throughout the floodplain, and, consequently, lithologic units
terminate in the subsurface very abruptly both horizontally and vertically.
A relatively consistent pattern in the alluvial profile is that coarse sands
and gravels tend to occur lower in the profile and silts and clays occur
nearer the ground surface. Soils that are predominantly silt and clay tend
to occur in the upper 5 to 10 feet of the natural alluvium, but fines occur
to depths of approximately 25 feet in places. This is generally above an
elevation of 430 feet. A few seams of fine-grained soil occur below the

430-foot elevation as in Boring D-8l. South of the site, a substantial
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thickness of silty clay was encountered during the investigation. Boring

D-91 encountered a deposit of silty clay to a maximum depth of 31.0 feet.

Between elevations of roughly 450 feet and 400 feet, the alluvium is
characterized by interbedded seams of sand, silty and clayey sand, and a few
silty clay seams. These seams range in thickness from a few inches to over
10 feet. They are quite discontinuous laterally as evidenced by the poor
.correlation between adjacent borings. This material is generally of a lower

~_—

permeability than the underlying sands and may be considered an aquitard in

-\

the areas where the fines occur, Flow occurs through the soil, but
transmission 1is impeded by the presence of a significant amount of fines.
This zone is of a highly variable thickness due to its depositional history
(see Figure 1I-3). In places, the bottom of the old landfill apparently

extends below this fine grained stratum into the aquifer sands below.

Below an elevation of roughly 400 feet, thick deposits of sand which are
quite uniform in character, are predominént. Several borings encountered
gravel seams. For example, Borings D-81, D-92, D-93, and D-95 encountered
gravel seams at depths ranging from 47 to 123 feet. While being more
uniform in character than the overlying alluvium, these deeper sands exhibit
changes 1in lithology and grain-size characteristics when correlated between

borings.
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BEDROCK

Bedrock was encountered in Borings D-83, D-85, D-87, D-89, D-90, D-91, D-92,
D-93, D-94 and D-95. The rock was penetrated from 0.0-feet to 1.2 feet in
these borings. The bedrock is described as a cream to light-brown
limestone, medium strong to strong, and correlates with the St. Louis and
Salem limestones observed in the West Lake quarry. The bedrock below the
alluvium 1is apparently only slightly weathered as evidenced by the
difficulty with which it was penetrated., A few fracture zones are visible
in the quarry but the 1limestone is predominantly unfractured. Very few
seeps discharge into the quarry which has been excavated to more than 180

feet below the alluvial water table.

Table III-2, below, lists the borings in which bedrock was encountered and
the depths and elevations of the bedrock surface, which was found to be

limestone 1in all cases.

Table III-2

Depth to Elevation
Boring No. Bedrock of Bedrock

D-83 115.3 329.1
D-85 83.5 369.4
D-87 111.0 349.0
D-89 47.8 406.3
D-90 46.0 400.0
D-91 44,0 404.0
D-92 143.6 331.77
D-93 118.0 332.70
D-94 109.8 333.88
D-95 100.6 352.49

The base of the nearby quarry is in shaley limestone, probably of the Warsaw

Formation, which is at an elevation of about 240 feet. The St. Louis and

III-4 WST3.HYI

]

E—



Salem limestones in the quarry area extend from near the grouﬁd surface down

to the Warsaw Formation.

GROUNDWATER OCCURRENCE

1.

GENERAL DESCRIPTION

Groundwater in the alluvium generally occurs as a single aquifer under
water table conditions. There are a few localized exceptions to this
condition which cause minor and usually temporary confining conditions.
Another minor exception that has been found is that the water level in
piezometer S-80, at the south end of the site represents a perched water
table above a localized silt and clay deposit. The water table surface
is quite level, not varying more than a foot or two in elevation over

most of the site at any given time; thus the gradient is very low.

The water table elevation fluctuates vertically as much as 7 feet, in
any particular well, throughout the year in response to variations in
precipitation. Precipitation affects the Missouri River stages,
infiltration on the site, and some localized recharge due to runoff from
the river valley bluffs; all of which have direct affect on the water

table elevations.

Generally, the major portion of the aquifer is responding to a gradient
induced by the configuration of the Missouri River bedrock channel and
also influenced by the Missouri River stage (Ref. 3). but superimposed

upon this general gradient are some minor groundwater mounds and
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depressions which influence the gradient near the water table surface.
These are apparent from groundwater contour maps, several of which were
constructed from water level data obtained from this study. The August
29-30, 1984 data are representative of the perennial contour pattern and
are shown on Figure III-2., The most prominent of the water table

features is the persistent mound occurring in the southern portion of

the landfill.

The water table gradient is variable with time in different parts of the
aquifer, although these variations are of a relatively minor scale.
Since the water table is nearly level, a relatively minor change in the
water level in an area can cause a change in flow direction at the water
table surface. Because of the many minor effects on the water table
over the area, such as local recharge and discharge areas and variable
soils materials, the water table is an uneven surface at any given time
and may change its configuration over a period of time. However,

>

overall movement of groundwater over a substantial period of time igs
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most often to the northwest, either toward the river oy’subparallel'to
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the river.

o
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The elevation of the water table at the site generally fluctuates
between 430 and 440 feet during the year. The water table is high
during and after the spring rains and snowmelt of March and April and
rises slightly after the fall rains in October (see Figures III-2 and
III-3). The water table fluctuations generally mimic the Missouri River

stage fluctuations in a subdued manner.
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At any given time, the water table is nearly level with the
exception of the persistent groundwater mound in the viciniﬁy'éf
Piezometers S-75, S-76, I-73 and D-89 which is discussed later 1in this
section. In the northern half of the landfill site, the relief on the
water table surface is commonly less than 0.5-feet at any given time,
indicating a very low éradient. The groundwater mound in the southern
portion of the landfill is seen to exhibit relief of from 1 to about 4

feet at the different times of observation for this study.

At times, there is an apparent predominantly downward component of flow
in the aquifer near the valley wall., This is indicated by the
difference in hydrostatic head between piezometers screened in the upper
and lower portions of the aquifer. The deeper piezometers generally
indicate lower water levels than nearby shallower piezometers. Since
groundwater flows from areas of higher pressure to lower pressure, the
flow would be generally downward in this area. An example of this is
seen when comparing October 1984 water levels in the deeper D-81 and
D-89 piezometers to water levels in the shallower S-75 and S-76
piezometers. The calculated vertical gradient near the valley wall

varies somewhat throughout the year but generally ranges between 0.117

[ ————

K}ﬂoj and 0.00074) This vertical component of flow dominates the horizontal

{
rd

component near the valley wall, which generally ranges between 0.003 and
0.008 ™ throughout the year. Further west, away from the sloping bedrock
valley wall, flow is predominantly lateral. Comparison of deep
hydrostatic head in D-83 with shallow hydrostatic head in I-62 indicates

little elevation difference and, therefore, almost no vertical component
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of flow exists. The flow is basically horizontal; generally toward the
Missouri River. The horizontal gradient generally ranges between 0.0003

and O

19%9] throughout this year as calculated from regional groundwater
contours (obtained from Earth City piezometers as shown on Figure IN-1).
Generally, the water table elevation is‘influenced most significantly by
the stages of the Missouri River. As the river rises or declines, the
water table responds similarly but in a delayed and subdued manner.
Hydrographs were constructed from piezometers which exhibit the typical
pattern of change in water levels throughout the year. As can be seen
by. comparing these hydrographs with the Missouri River stages
(Figures III-2 and III-3), the water levels in the piezometers are seen
to rise steadily in the springilyhen the river is rising, and decline
during the drier summer months.(lghe rise in the water table at the West
r
Lake site lags behind the overall rise in the river stage during the
spring by several weeks. The alluvium creates a buffer zone between the
river and Eh; alluvial groundwater beneath the site causing the time
lag. Another effect of the alluvium is to decrease the effect of rapid
chahges in the river stage so that the water levels in the piezémeters
do not fluctuate dramatically on a daily basis. This lack of daily
fluctuation of the water table was documented by the continuous water

level recorder, which reveals gradual, slow changes 1in water table

elevation.

The water table generally slopes downstream and toward the river during

the dry summer months and generally downstream during the wet spring
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months [:}chough changes in gradient direction appatently occur at other
times during the year in response to changes in stage of the Missouri
RiverZ] Determination of this overall gradient direction is based wupon
Earth City piezometer teadings and from water table contour maps of the
floodplain across the Missouri River Valley from the site (Ref. 4) (see
Figure IN-1). The gradient may be away from the river for short periods
of time during High river states, but this 1is appare;tly only a

localized affect near the river.

\ L The unconfined condition of the aquifer is evidenced by the absence of a

K b/-—-
‘ I3 I3 L3 I3
'AWULT continuous aquiclude being correlated between borings. Another
SV —_———————
U .
‘ Lo indication of unconfined conditions is the water level data from

clustered piezometers. As can be seen by comparing Figures III-1 and
I11I-4, five clusters (pairs) of piezometers, S-84 and D-85, I-66 and
D-94; I-62 and D-833 5-82 and D-93; S-51 and D-90; and I-50 and D-91
show essentially no elevation difference in water 1levels between the
piezometers screened in the deeper portion of the aquifer and the
adjacent piezometers set to shallower depths. This indicates that the

bdfr) deep and shallow wells were screened in the same hydraulic unit and no

$¥QP nconf1n1ng conditions exist there. It also indicates horxzontal flow in
e T S —

§pr these “areas with little or no vertical component of flow at the time
Q“_v&&

‘ vater level differences between adjacent deep and shallow wells. The

these measurements were made.
Another cluster, S-80 and I-50, exhibits significant, though not large,

difference between water levels in $-80 and the deeper I-50 is due to a
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shallow perched wgt: zone which is intercepted by the screened segment
of Piezometer S-80. Piezometer S-80 indicates the head in the perched
zone and I-50 indicates the head in a deeper sand seam. The sarr seam is
confined below silty clay. Because the water elevation in I-50 is very
nearly the same elevation as in nearby wells and since the clay seams in
the vicinity tend not to be laterally extensive, it is concluded that
the groundwater in I-50 is semi~confined, rather than completely
confined. That is, it has some degree of hydraulic connection with the
surrounding groundwater, but 1is partially confined because of the
presence of the overlying low-permeability material. Since the water
table in Piezometer S-80 is perched, the water levels from this well are

excluded from the groundwater contour maps.

Water levels were continuously monitored in Piezometer I-62 from May 24
to October 23, 1984 wusing a Stevens water level recorder. The water
level remained fairly steady, with only minor fluctuations, until
approximately July 6, 1984 when a fairly steady decline from 436.1 to
435.6 occurred until about the end of July. Another more rapid decline
in the water level occurred from about August 6 to August 28 when the
water elevation dropped from 435.4 to 432.9. The water level remained
fairly steady through September until October 3 when the recorder was
removed. The indication from the continuous monitoring data is that
monthly water level measurements are adequate for. detecting any

significant changes in water table elevations.
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FLOW DIRECTION AND GRADIENTS

Figure III-1 includes water table contours and arrows indicating general
groundwater flow direction. It is important to note that the map was
made using water level data from August 29 and 30, 1984, and that the
pattern of contours is consistent with.the pattern from the other water
well meagurements made for this stu??;m}thus, the pattern of water table
contours 1is relatively constant E;;oughout the year, even while the
elevation of the water table in the entire aquifer is illustrated by the
water levels shdwn on the detailed geologic profile across the site

(Figure I-3).

To determine the difference between groundwater flow in the upper
portion of the aquifer as compared to that in the lower part of the
aquifer, a comparison was made between water levels measured in the
shallow and intermediate piezometers and those measured in the deep

peizometers.

The deep and shallow flow patterns are generally similar, but there are
times when the hydraulic gradients in the lower part of the aquifer are

extremely low (less than 1 foot per mile), and the groundwater flow

I e

rates in the deep aquifer are negligible. This can be seen by comparing
Figure I1I-4 (where the flow patterns and gradients in the upper aquifer
are similar to the general pattern shown on Figure III-3), with Figure
III-5, where the gradient is negligible, but very slightly elevated in
the northern parts of the landfill. Figures III-5 and III-6 have been

provided to illustrate that there are times when a gradient builds up on
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the hydraulic head in the deep aquifer, in response to recharge from the
surface water recharge zones in the southeast part of the site. The
changing pattern of hydraulic head distribution in the deep portion of
the aquifer is also probably related to changing pressures in the
aquifer canal by rise and fall 0f &fiver stage. As can be seen in
Figures III-6 and III-7, the pattern of groundwater flow in the deep

aquifer is similar to that in the shallow aquifer.

The flow direction of groundwater beneath the West lake site is
dependent upon which part of the aquifer is considered. At the surface
of the water table, a perennial mound in the southern portion of the
site controls the flow direction (see Figure III-1). Groundwater in the
upper portion of the aquifer will flow away from the mound to the north,
west, and south, Because this mound 1is small (less than 3 feet of
relief in comparison to the thickness and volume of the aquifer, it has
only a slight affect on groundwater flow direction at greater depths,
The groundwater mound 1s the result of a local recharge area created by:
(1) the pumping of water from.the quarry to surface drainage ditches

which is discharged to this area, (2) surface infiltration along Old

.
St. Charges Rock Road, and (3) possible leakage from(unlined; surface
T T ———— A Lo, e e

water holding ponds in the quarry vicinity. Groundwater in the lower
portion of the aquifer flows generally in a westerly or northwesterly
direction in response to the gradient induced by the Missouri River
stage and the gradient of the river valley. Flow is predominantly
downward near th; valley wall. Another influence on the flow direction

is the nonuniform permeability characteristics of the aquifer. Because
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of the various alluvial materials, such as clay lenses and small sand-
filled channels, groundwater will flow more rapidly through the higher
permeability materials. These effects will tend to be localized and

will not change the overall flow direction drastically.

In the northern part of the site where the water table gradients are
seen to the very low (see Figure III-1), groundwater flow is generally
northward near the northern end of the site and westward from the
western portion of the landfill. Thus, flow is generally radiating from
the cengral portion of the landfill toward the perimeter, probably due
to slight mounding of the water table within the landfill itself.
Because of the extremely low hydfaulic gradients and low relief on the
water table, this pattern may not be consistent with time; local
variations may alter the pattern somewhat, but these variations are
minor. Thus the pattern shown on Figure III-1 predominates throughout

the year.

GROUNDWATER QUALITY

a. Distribution of Chemical Constituents K%LU

The lateral and vertical .distribution of detected chemical /
constituents was investigated to determine if the landfill was

affecting local and downgradient groundwater quality.

(1) Lateral Distribution: Chemical results were obtained from wells

upgradient, downgradient, and around the perimeter of the
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landfilled area. When chemicals were detected at several

-locations, the results were plotted on a site map. The most

informative chemical distribution maps are shown in this report.
The complete results of chemical analysis are contained in

Appendix E.

The only priority pollutant volatile organic compound detected
in both rounds was methylene cﬁloride. The chemical
distributions for Round 1 and Round 2 are shown on Figures _
and _ . In Round 1, methylene chloride was detected in wells
throughout the landfill area. Piezometer D-90 showed 83 ug/l of
methylene chloride, the highest detected level. The
concentration pattern was irregular and therefore not contoured.
In general, the downgradient wells showed lower levels of
methylene chloride (from 6 to 12 ug/l), except for
Piezometer D-83, which had 55 ug/l. i"Acetone, not a priority
pollutant, was also detected in most samples. Hethyleﬁe
chloride was also detected in Round 2, but at only three
locations and at lower concentrations., Piezometer D-90, only
contained 6 ug/l. Piezometer D-89 showed 10 ug/1 and
Piezometer I-59, a shallow downgradient well, showéd 7 dg/l.
The rest of the well concentrations were less than the.detection

limit of 5 ug/l.

The only priority pollutant base-neutral compounds detected in

Round 1 were bis(2-ethylhexyl)phthalate and trace amounts of two
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other phthalates. 6n1y bis(2-ethylhexyl)phthalate was detected
during Round 2 at one location. The chemical distribution map
for Round 1 is shown on Figure III-10. Round 1 results showed
bis(2-ethylhexyl)phthalate at five locations throughout the
landfill area. The pattern was irregular and therefore not
contoured. Piezometer D~90 showed 115 ug/l, while the
background wells had concentrations less than the 1 ug/l
detection limit. Piezometer D-92 had the highest level of
477 ug/l. The downgradient well mostly had concentrations

either close to or below the detection limit.

Round 2 results showed bis(2-ethylhexyl)phthalate at only one
location. As in Round 1, Piezometer D-92 had the highest level
of 25 ug/l. All other wells showed concentrations less than the

10 ug/l detection limit.

The Round 1 results, in addition to providing priority
pollutants concentrations, also provided information on possible
additional organic compounds. Trace amounts of aliphatic
hydrocarbons (also identified as diesel 0il) were detected in
Piezometer I-59 and S-80. An organic odor was evident in
Piezometer S-80 during both sampling rounds. Most of the
samplés contained a variety of tentatively identified compounds
such as phthalate esters, trimethyl cyclohexane-l-one, and other
compounds found in plastics. The source of these compounds is

unknown.
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Phenol was detected at five locations in Round 1. Figure III-1l
shows the distribution of phenol. The pattern is irregular and
therefore not contoured. Piezometer D-92 had the highest
concentration of 19 ug/l. The downgradient wells to the west of
the landfill had concentrations of up to 7 ug/l. The detection

limit was 1.7 ug/l.

Phenol was not detected in Round 2 above the detection limit of
10 ug/l. No other acid-extractable compound was detected. A
general analysis of total phenolic compounds, a different

analysis with detection limit of 2 ug/l, was negative.

Trace amounts of several pesticides were detected during
Round 1. Compounds detected included gamma BHC (Lindane), delta
BHC, chlordane, dieldrin, endrin, 4,4' DDD, 4,4' DDE, 4,4' DDT,
and hexachlorobenzene. . The compounds DDD and DDE are
decomposition products of DDT. All wells tested positive for at
least one pesticide. Piezometers S-82 and D-83, to the west of
the "landfill, showed the greatest numbers and highest
concentrations of pesticides. All pesticide concentrations were
less than 0,70 ug/l. The distribution of two frequently found
pesticides, chlordane and 4,4' DDE, were plotted and shown on
Figures III-12 and III-13. Chlordane was not detected in the
upgradient wells, and shows an irregular pattern in the
downgradient wells. Piezometer S-82 had a maximum concentration

of 0.258 ug/l. The DDT decomposition product, 4,4' DDE, was
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found at 11 wells, -both upgradient and downgradient of the
landfill. The wupgradient and background wells had higher
concentrations. Piezometer D-89 had the maximum concentration
at 0.117 ug/l. In general, the distribution of pesticides is

irregular and the source is unknown. No pesticides were

——

detected in Round 2. The detection 1limits in Round 2 were
/ M
similar to those in Round 1.

The distribution of inorganic constituents followed an undefined
pattern as did the organic constituents. Total cyanide was
detected at 1 or 2 ug/l levels at six locations during Round 1.
The highest level was 6 ug/l at Piezometer D-90 to the south of
‘ the landfill area. In Round 2, total cyanide was detected in

only one well above the 5 ug/l detection limit. Piezometer D-89

had the highest level at 7 ug/l._Mh/ék,;4<:;;bruk~/~p L¢£E£/C
—_ ( y
_?yjbff vV (AZ'ﬁa?”’& %ULA

The Round 1 metals ICP (Inductively Coupled Plasma) scan.
produced results for 32 dissolved metals. Conventional
parameters such as iron and sodium were plotted to determine a
pattern with respect to the landfill, since these compounds are
often associated with landfill contamination. The distributions
of sodfum and iron are shown on Figures III-14 and III-15. The
sodium concentration ranged from 5 mg/l to a high of 175 mg/l at
Piezometer D-83. The ranges were generally between 30 and
‘ 70 mg/1 both upgradient and downgradient of the landfill, with

no distinct pattern. Levels were generally higher in the wells
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west of the 1landfill (over 100 mg/l). Dissolved iron
distribution was also irregular. The highest concentration of

31.5 mg/l was found in Piezometer S-84. Levels were generally

higher within the landfill boundary. Downgradient
concentrations were slightly higher than upgradient
concentrations.

In Round 1, very few priority pollutant metals were detected,
except for copper and zinc. The distribution of zinc, which was
found in almost all wells, 1is shown for Rounds 1 and 2 on
Figures III-16 and III-17. The concentrations ranged from less
than 2 ug/l in Piezometer D-90 to 1240 ug/l in the adjacent
Piezometer S-51. Most other concentrations ranged from 30 to

140 ug/l throughout the landfill.
/_'J'

p

In Round 2, the detection 1limits £for most metals were
approximately - one- tenth the detection limits in Round 1. Even
at detection limits of 1 to 4 ug/l, very few heavy metals were
detected. The highest lead concentration was found at
Piezometer D-91,to the south of the landfill. eompounds such as
antimony, nickel, thallium, and zinc were commonly found.
Silver was detected but at levels close to or below the
detection limit of 2 ug/l. The distribution of zinc is shown on
Figure I1I-19. As in Round 1, the lowest level of 1less than
2 ug/l was found in Piezometer D-90, while the highest level of

2000 ug/l was found in the adjacent Piezometer S-51. The
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remaining wells ranged between less than 2 and 70 ug/l

throughout the landfill.

The distribution of the heavy metal arsenic was plotted, since
several positive values were obtained. This is shown on
Figure III-18. Piezometer D-91, a background well, contained
4 ug/l of dissolved arsenic. The maximum level of 9 ug/l was

found in Piezometer S-84 and S-88.

-Generally, the distribution of dissolved metals showed no

distinct pattern and downgradient levels did not significantly

differ from upgradient levels.

The significance of the chemical constituent concentrations will

be discussed in Part IV.

In addition to priority pollutant analysis, four wells were also
sampled for gross alpha and beta radiation during Round 1. The
results are included in Appendix E. The values for gross alpha
ranged from less than 2 pCi/l (pico curies per liter) in
Piezometer D-83 to 270 pCi/1 in Piezometer 5-84.
Piezometer S-84 had the only gross alpha or beta level exceeding
31 pCi/l. The laboratory explained that these high levels could
have been due to the presence of suspended clay material in the

sample, and that future samples should be filtered.
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In May, 1986, 32 well samples were collected and analyzed for
gross alpha and beta by the Department of Energy. The results
are included in Appendix E. Further isotopic analyses are being QZ.

)
i J./
performed on many of the samples. < \MJJ.)J
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b
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(2) Vertical Distribution: The vertical distribution of chemical

constituents was evaluated to determine:
(a) The presence of chemicals in the shallow and deep aquifers.

(b) Differences between the shallow and deep aquifers with

respect to chemical constituents.

Organic chemicals were detected both in the shallow and deep
part of the aquifer. In general, highest levels of methylene
chloride were found in the deep piezometers, although only three
plezometers had detectable levels in Round 2.
Bis(2-ethylhexyl)phthalate was only found in deep piezometers in
both Round 1 and Round 2. In Round 1, phenol was found in both
shallow and deep piezometers. Pesticides were also found in

both shallow and deep piezometers at similar concentrations.

Dissolved metals concentrations showed no definite pattern with
respect to shallow and deep aquifer 1levels. In some well
clusterﬁ, sodium was highest in the deep wells and in other well

clusters sodium was highest in the shallow wells. The same was
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true for iron, zinc-and many of the other detected metals. The
well cluster of D-90 and S-51 consistently showed a low zinc
level in the deep well and a high zinc 1level in tﬁe shallow
well. The reason for this is uncertain, since this occurrence
was inconsistent with other metals data but nonetheless 1s not

at a level of concern.

Seasonal Variation

The sampling rounds occurred during two distinct seasons. Round 1
took place in December while Round 2 took place in May. In general,
more chemicals were detected in Round 1, and at  higher
concentrations. Among those chemicals found to a greater extent in
Round 1 were methylene-chloride, bis(2-ethylhexyl)phthalate, phenol
and pesticides. Priority pollutant metals were found more often in
Round 2 because of the lower detection limits. Comparable metals
such as zinc did not show substantial changes from Round 1 to

Round 2.

Validity of Data

The validity of the chemical data is dependent on:
o The field collection of the water samples and proper preservation
of the samples.

o The chemical laboratory quality assurance/quality control

(Qa/Qc).
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The organic data can be evaluated using the laboratory spike and
blank and replicate sample data. During Round 1, the spike and
duplicate sample results were within method accuracy limits.

Bis(2~ethylhexyl)phthalate was detected in the blank at 3.5 ug/l.

The Round 2 laboratory volatile organic blanks contained 17 and
15 ug/1 of methylene chloride. Trace concentrations of

bis(2-ethylhexyl)phthalate were detected in the blanks.

The QA/QC information provided by the laboratories for Round 1 and
Round 2 indicates that the sample data is reliable with respeet to
laboratory analysis. Possible interferences are methylene chloride
and bis(2-ethylhexyl)phthalate. The Round 2 blank concentrations of
methylene chloride may be high enough to cancel out the

concentrations found in the three wells.

Field procedures could also havé introduced an error factor to the
chemical results. Common sampling errors are:

o Introduction of surface contamination to the sample.

o Improper cooling, storage and preservation. -

0 Aeration of sample during collection.

o Insufficient purging of stagnant well water.

o Use of unclean sample bottles and sampling equipment.

Since precautions were taken to minimize these errors, the collected

samples are probably representative of the aquifer water quality.
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It should be noted that the Department of Energy samples, taken on
May 7 and 8, 1986, were sampled by different personnel. The quality

control of the filed procedures are unknown.

* %k % % %
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PART IV

IMPACT OF LANDFILL ON GROUNDWATER QUALITY

A. DOWNGRADIENT WATER USE

As described above inthe discussion of regional groundwater hydrology, the
discharge point for the groundwater downgradient beneath the old landfill
site is the Missouri River. There are no water supply wells at the Earth
City industrial park, and no known water supply wells elsewhere
downgradient. The drainage ditches along St. Charles Rock Road intersect
the waer table. 5:?herefore, the groundwater underflow beneath the site

passes through the ditchfies as a surface water occurrencizl

‘ B. DOWNGRADIENT GROUNDWATER QUALITY

To assess the impact of the landfill on groundwater quality, the chemical
constituent levels in the background wells were compared with levels within

and downgradient of the landfill.

Methylene chloride was found in a background piezometer (D-91), an
upgradient piezometer (D-89) and is also a possible laboratory 1nterferent/?f%

It is unclear whether the landfill is a source of methylene chloride. V?Z

e e

Bis (2-ethylhexyl)pthalate was found in an upgradient (D-89) and }bbﬁfCtJV‘

possible laboratory interferent. Levels in Round 1 were generally highest

within the landfill (D-92), and may therefore be affected by the landfill.
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Phenol was found at its highest levels within the landfill area (D-92) and

in downgradient piezometers and could therefore be affected by the landfill.

The various pesticides found in Round 1 showed no particular distribution
pattern. Some were found more in the background wells (4, 4'DDE) and others
in the downgradient wells (heptachlor, chlorodane). Levels tended to be
highest in Piezometers $-82, D-83 and S-84, all downgradient. The effect of
the landfill on pesticide levels is unclear, since none were detected in

Round 2.

As mentioned earlier, the distribution of dissolved metals showed no
particular pattern. Sodium levels tended to be higher in the interior and
downgradient wells, as did iron levels. Other metals of concern did not

appear to be affected by the landfill.

The-chemical results suggest that /ctertain wells showed relat%yely high
1evels.\'o£'. several co'\tx;_tituents. During Round 1, Pi.é/;?)mel:er 'D-90 had the
maximum conﬁén;ra;ions for- methylene chloride, total cyaégée .and-'alsq
contained bis.\(Z:gthylhexyis pthalate. Piezometer D-92 had the maximum
concentration of phe;;1\4&g bis (Z-ethglhexyl) ptﬁhl@&gjand also contained
methylene chloride.
! AN .

Durinélaound 2, Wffb\lb-89 had the maximum concentrationffafn methylene
chloride, and bisg (2-éthy1hexy1) . phthalate. I:énéa\boi:igf; source is the

vehicle maintenance:shop located ngar piezomet -89.
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/ X W,Lﬁb\ =

Iv-2 T




C. RISK ASSESSMENT

1.

WST4 HYI

POTENTIAL PATHWAYS

The potential pathways of chemical transport from the landfill are the
following:

o Direct contact.

o Air transport.

o Surface water runoff.

0 Groundwater transport.

Direct contact and air transport would primarily affect persons working
in and around in the landfill operation and were not considered major
pathways. The risk is most likely similar to operations at most

municipal landfills.

Surface water runoff from the landfill primarily flows to a drainage
ditch along the north side of the 1landfill and the south side of
St. Charles Rock Road. This dikch is also occasionally recharged with
groundwater. This surface. water either recharges the groundwater or
discharges to the Missouri River. A pond along this ditch is located on
the northwest side of the 1landfill, and 1is known to contain fish.
Groundwater could potentially be affecting fish in this pond, but more
data is needed to evaluate this possibility. Surface water runoff to

the south and southwest flows out across relatively flat agricultural
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level, and some of thig runoff may join the small intermittent creeks
which traverse the area.

|}/r I/a;he groundwater pathway would affect persons using groundwate\\7

//’/’ downgradient of the landfill before it discharges in the Missouri River. \
As discussed in Part IV, Section A, no private wells have been
identified. The remote possibility of future wells being located down
gradient of the site should be considered when evaluating the
groundwater quality.

\:—? M ‘&/b Akt U%@ ﬂ@i%
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STATE AND FEDERAL WATER QUALITY CRITERIA vcxbv‘i7% o

The concentration levels of various groundwater chemical constituents

found during this 1investigation were compared with Federal and State
drinking water quality standard and recommendations. The comparison is
shown on Table 1IV-1. The compounds listed were the major detected
compounds which have water quality standards and recommendations. The
maximum, or worst case, concentrations were used to evaluate the

groundwater quality.

According to the available data, most of the chemicals detected in the
groundwater were at levels below drinking water quality limits and

guidelines. Exceptions are phenol, chlordane, 4,4' DDT and cyénide.

Phenol was considerably below federal guidelines for health and
aesthetics (taste and odor) but was greater than the drinking water

limit of 1 ug/l. Chlordane was detected and therefore exceeded the
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proposed RMCC of 0 for potential carcinogens. The EPA Health Risk

Criteria for 4,4'DDT is 0.00024 ug/l and was detected at 0.051 wug/l.
Some decomposition products, 4,4'DDE and 4,4'DDD, were also detected.
Total cyanide, at 7 ug/l exceeded the drinking water standard of 5

ug/l; however, the standard is based on cyanide amenable to

chlorination. Arsenic, at 9 ug/l, exceeded the EPA Health Risk criteria
G——-—ﬁ\

for one in 100,000 cancer risk but was below the 50 ug/l drinking water

-
standard. —————————r’”“'”'__———~

|

i

¥ g

L.
-
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TABLE IV-1

WATER QUALITY CRITERIA

Max. Water Quality
Conc. Well No. Criteria (ug/l
Compound (ug/l) Round HRC AWQL MDNR Other
Methylene 83 D-90(1) 600 (RSD)
Chloride 150 (SNARL)
Bis 477 D-92(1) 15,000
(2-ethylhexyl)
phthalate
Phenol 19 D-92(1) 1 4000 (RFD)-
300 (T&®)
Gamma BHC- 0.100 s-82(1) 0.186 4 (DWS)
(Lindane)
Chlordane 0.258 s-82(1) 0.23 8 (SNARL)
0 (RMCL)
Endrin 0.140 s-84(1) 1 0.2 (DWS)
4,4' DDT 0.051 D-83(1) 0.00024 _
Cyanide 7 D-89(2) - 200 5
‘///rT (Amen to Cl)
Arsenic 9 S-84,5-88(2) [0.0022 7? 50 50 (DWS)
\\\_ o 50 (RMCL)
Cadmium 3 D-85(1) - 10 10 10 (DWS)
5 (RMCL)
Lead 13 D-91(2) 50 50 50 (DWS)
20 (RMCL)
Silver 7 1-59,D-92(2) 50 50 50 (DwS)
Copper 57 1-59(1) 1000 1000 (T&O)
Nickel 62 $-82(2) 13,400
Zinc 2000 §-51(2) 5000 5000 (T&0)
Note:
HRC - Health Risk Criteria: Cancer Risk per 100,000 population (Fed. Reg.

AWQL -
MDNR -
RSD -
RFD -
T§0 -
SNARL -
DWS -
RMCL -

11/28/80)

Ambient Water Quality Criteria (Fed. Reg. 11/28/80)

Missouri Department of Natural Resources - Drinking Water Limits
Risk Specific Dose: Cancer Risk per 100,000 pop. (Fed. Reg. 613186)
Risk Factor Dose: (Fed. Reg. 613186)

Taste and Odor Recommendations ,

Suggested No Adverse Response Levels, Long Term

U.S.E.P.A. Drinking Water Standard

Recommended Maximum Contaminant Level (proposed - Fed. Reg. 11/13/85)

V-6 WST4 . HYI



A,

PART V

CONCLUSIONS

SUMMARY OF HYDROGEOLOGICAL CONCLUSIONS

Based upon information from the Burns & McDonnell investigation of the West

Lake Landfill site it can be concluded that:

The alluvium of the Missouri River forms the major aquifer in the vicinity
of the site. The underlying bedrock is relatively impermeable, both on the

valley side slopes and the bedrock valley floor buried beneath the alluvium.

Alluvial deposits of the Missouri River are in hydraulic communication with
the river, thus the river has a major influence on water 1ev2§é in the
alluvium. A rise in river stage during seasons of high rainfall and snow
melt causes the water table in the aquifer to rise. Conversely a seasonal
drop in the river stage causes the water table in the aquifer to drop.
Although the rise and fall of the aquifer is leﬁs than that of the
correlative change in river stage, the change in water table elevation 1is
relatively uniform throughout the entire extent of the aquifer in the site

vicinity.

The predominant direction of groundwater flow in the aquifer in the region
near the site is northwestward toward the Missouri River. This predominant,
regional pattern of flow is illustrated on Figure IN-1, which was made using
water levels in piezometers in the Earth City area in 1976. There are broad

fluctuations in this flow direction throughout the year and the predominant

WSTCON.HYI V-1



flow direction ranges from slightly south of due west to northwest

A
} \ ., (subparallel to the northerly flow direction of the Missouri River). During

—

short periods of-the year (primarily in the spring and for short periods in
winter), when the river stage is rising rapidly, the predominant groundwater
flow direction in the aquifer may be temporarily reversed in the localized
vicinity of the river. This occurs while the river is at a higher elevation
than the water table. This generally eastward flow is of short duration and
is overshadowed by the predominant westward flow at some distance from the

river,

Throughout most of its extent, the aquifer is generally unconfined (under
water table conditions). Relatively low-permeability, discontinuous clayey
' ‘ and silty zones in the upper part of the alluvium may cause semiconfined and

perched water conditions in very localized areas.

Other localized effects, of only minor significance, may affect groundwater
flow directions in the aquifer. As can be seen on Figure III-1 the only
iocal feature of note is a perennial groundwater mound, superimposéd on the
generally westward sloping water table which predominates on the rest of the
site. The groundwater mound is located on the southern part of the West
Lake site, and occurs due to a localized recharge zone. This mounding is
created by: (1) water pumped from the quarry being discharged at the ground
surface above the moﬁnd, (2) surface infiltration from the drainage ditches
along Old St. Charles Rock Road after rainfall (illustrated by cross-
hatching on Figure III-1, (3) and possible leakage from the surface water

‘ holding ponds immediately west of the existing quarry (also 1illustrated by
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cross-hatching on Figure III-l.~ This mound generally affects flow direction
only in the upper portion of the aquifer, but may result in a significant
vertical component of flow beneath the  mound. The mounding effect is
superimposed on the effect caused by changes in river stages and the effect
of the bedrock valley. In the bulk of the aquifer, other than beneath the

mound, the vertical component of flow is insignificant.

In the area of the groundwater mound, flow direction in the upper portion of
the aquifer is to the south, west and north away from the mound. Flow
direction lower in the aquifer includes a major component that is vertically
downward near the valley wall, but is horizontal either toward or

subparallel to the Missouri River at some distance from the valley wall.

— e T

Gradients in hydraulic head in the lower aquifer are, at times, extremely
low. See, for example, Figure III-5. Thus, minor fluctuations in head (in
the range of 1/10-foot) may be sufficient to causef1nsjeev changes in flow
direction. But because the gradients are very low at such times,

groundwater flow rates are negiigible.

At other times (see for example, Figure III-7), there may be two to three
feet of differential in hydraulic head across the site. The pattern in
hydraulic head distribution in the deep aquifer at such times is seen to
reflect approximately the same pattern as the head distribution in the
shallow aquifer (see Figure III-4). Thus, the.surface water feat:;gafj;EZéﬁﬂ

recharge the shallow part of the aquifer and cause groundwatey/ .
/

in the southeastern part of the site also recharge the deeper k:zj\—jf’/féﬁ// e {
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aquifer by vertical infiltration from above. During such times, groundwater
flow in the deep portion of the aquifer is laterally, away from the recharge
area, predominantly to the west and northwest. During all times of
measurement, the hydraulic gradients in the deeper part of the aquifer were

substantially less than that in the shallow part of the aquifer.

Piezometers D-89 and I-73 .are in the upgradient portion of the site, in the
vicinity of the predominant recharge area of the site. Piezometers I-50 and
D-91 are in an area south of the landfill where they are outside the area of
influence of the groundwater flow pattern of the site. Thus, the
groundwater in the aquifer there is not downgradient of the site, but is
recharged from. elsewhere, and samples from these wells may be considéred
background water quality samples for the aquifer. The surface water
drainage ditches along the northern edge of the site are interconnected with
the water table, and are in the downgradient area of the groundwater £flow
pattern. Thusq{: they contain not only surface water runoff,lbut also

underflow of groundwater from the aquifer;

Based on an interpreted value of hydraulic gradient of Q.003 across the
site, (considering the fan-shaped flow pattern diverging from the
groundwater around beneath the landfill), a value of ‘-35*!6"’ cm/sec for
hydraulic conductivity of aquifer materials, a saturated thickness of
_ﬁ‘_ feet, and a site perimeter length ofé?LO_ feet, the flow rate 1is
calculated to be 27000 gallons per day beneath the entire site. For an
assumed valu.e of 0.20 for effective porosity, the groundwater flow -

velocity is calculated to be 75 feet per year.
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B. SUMMARY OF GROUNDWATER QUALITY

1. Methylene chloride was the only detected priority pollutant volatile
organic chemical. In Round 2, the detection of methylene chloride was

accounted for by its concentration in blank samples.

2. During Round 1, methylene chloride had a maximum concentration in

Piezometer D-90.

3. The compounds bis(2-ethyl hexyl) phthalate and phenol were found at the

maximum concentration at Piezometer D-92 during Round 1.

4. The general distribution of organic constituents was scattered and
irregular. In general, phenol and methylene chloride were found to be
slightly higher in downgradient wells during Round 1. The landfill is a

possible, but not certain, contributor.

5. The distribution of dissolved metals was irregular and significant
differences were not detected between the background, upgradient and

downgradient wells.
‘6. Many chemical constituents were detected in the deep wells but no

significant increase was detected between the deep wells and the shallow

wells.
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8.

9.

10.

11.

for cancer risk. ¢ s
AT TR T A

More chemicals were detected during Round 1 (December 1985) at greater

concentrations than during Round 2 (May 1986).

A variety of pesticides were detected during Round 1 at various

locations, especially Piezometers $S-82, D-83 and S-84. The source of

o ~ . e
these pesticides is unknown. :hbo Cf;]é;{ié@kqa b~—'}zqﬁba4»—1x! ZL,

Compared to state and federal drinking water standards, the levels of
chemicals found in the groundwater do not appear excessive. Some of the

pesticides, such as chlordane and 4,4' DDT, exceeded recommended levels

ot o

Surface water and groundwater are connected in the drainage ditch
running along the north side of the landfill. A pond connected to this
ditch, located on the northwest side of the landfill, contains fish

which could be affected by the groundwater.

No water supplies using groundwater downgradient of the landfill have

beén found.

C. PROPOSED GROUNDWATER MONITORING PROGRAM

The purpose of the proposed groundwater monitoring plan is to evaluate the

effect of the landfill on groundwater quality through long-term monitoring.

. . . co . iy Mol
Certain constituents detected during this investigation will giﬁg be
V)

resampled to clarify differing results between Round 1 and Round 2., =~
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The components of the proposed plan are as follows:

1. SHORT-TERM MONITORING

The following piezometers will be resampled and analyzed for the listed
constituents:?

I-59: Volatile Organics

D-81: Volatile Organics

S-82: Pesticides

D—§3: Volatile Organics

S§-84: Pesticides

D-87: bis(2 ethylhexyl) pthalate

D-89: bis(2 ethylhexyl) pthalate, volatile organics

D-90: bis(2 ethylhexyl) pthalate, volatile organics

D-92: bis(2 ethylhexyl) pthalate, volatile organics
Based on this data, the long-term monito?ing plan will be revised

appropriately.

Also, because of the presence of fish in the surface pond to the west of
the landfill, ,the fish should be sampled and analyzed for the following
constituents:

Priority pollutant pesticides

Priority pollutant metals

gross alpha and beta radiation

From this data, a decision can be made on whether or not fishing should

be allowed in this pond.
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2. LONG-TERM MONITORING

~ M.A b N K/

e

)

Z

The following piezometers shall be sampled on a quarterly basis:
(-‘_v_’_‘—\

5-84, D-85: north of landfill
$-82, D-93: west of landfill
D-89: upgradient
D-91: background

D-92: within landfill boundary

before sampling.

f/? needed at the site, T e

k\[
%?;2(

b}i%r The samples will be analyzed according to MDNR parameters

e 4[
A e

\ An analysis of the results will determine if future remedial’ action is

-

for

landfill

*, monitoring. In addition, the water level will be measured in each well

~
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APPENDIX A

CRITERIA FOR LOGGING OF SOIL AND ROCK
BORING LOGS
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LEGEND AND NOMENCLATURE OF DRILLING LOGS

Information preceeding the logs relates to pertinent project and boring
descriptions, which are self-explanatory. Remaining items on drilling
logs are described as follows:

1) DEPTH: Depth below a given reference elevation. Normally, units are
in feet and are from the aforementioned ground surface, unless

otherwise noted.

2) DESCRIPTION: Description of soil or rock material according to
Unified Soil Classification. Word descriptions give
principal soil constituent, other minor soil constituents,
color, moisture, consistency or density, plasticity, and
other appropriate material characteristics. Geologic
names, where appropriate, are shown in REMARKS. A solid
line denotes a stratigraphic change, a dashed line
indicates the approximate location of a stratigraphic
change. Rock samples are described according to
lithology, color, moisture content, weathering, strength,
and any discernible structure. Criteria for evaluating
weathering and strength (established by the U.S. Bureau
of Mines,) are as follows:

Weathering:
FR: (Fresh) No visible signs of weathering.

SW: (S1ightly Weathered) Weathering (alteration) limited
to the surface of major discontinuities, no
weathering of rock material.

MW: (Moderately Weathered) Weathering (alteration) extends
throughout the rock mass, but the rock material is
not friable.

HW: (Highly Weathered) Rock is decomposed and friable,
but the rock texture and structure are preserved.

XW: (Extremely Weathered) Soil material with the original
texture, structure, and mineralogy of the rock
completely destroyed.



Strength: VS: (Very Strong) Rock surfaces cannot be scratched by a
steel nail.

S: (Strong) Faint scratch made with a steel nail.

MS: (Moderately Strong) Distinct scratch trace made with
a steel nail.

W: (Weak) Slight scratch left by fingernail, material
can be gouged out with steel nail.

VW: (Very weak) Material can be gouged out with fingernail.

3) LOG OR CLASSIFICATION: Unified Soil Classification symbols are shown

in reference to appropriate description of soil.
Rock material is noted by visual symbols (referenced
from NAVFAC DM-7 Manual, March 1971, with

slight revision) representing rock classification,

as shown below:

SANDSTONE = SILTSTONE

W
-'9;:?55 CONGLOMERATE MUDSTONE
S-oQ7e:
3 :
COAL v, DOLOMITE
; 7
LIMESTONE g CHALK

o COMPACTION SHALE CEMENTED SHALE

/ GNELSS n; SCHIST
D

Py o
.//,'_/, /////
- b

s BASALT

GRANITE et




4)

5)

6)

7)

BLOW COUNT: (ie: 4/7/8)

Numbers indicate the necessary blows to drive 3 six-inch
increments, or part thereof, of a split barrel sampler when
driven by a 140-pound hammer falling freely for 30 inches:
as per ASTM D 1586. The Standard Penetration Resistance

(N value) 1is the sum of the second and third six-inch
penetrations. If the sampler is driven less than 18 inches,
the N value is represented by the total resistance over the
last 12 inches. 1If the sampler 1is driven less than 12 inches,
logs indicate the number of blows and fraction of increment
in inches actually penetrated. Note that a blow count can
be listed for a California or Dames & Moore sampler, but
that this 1s not the Standard Penetration Resistance.

RECOVERY & 1L0SS: In soil this represents the total length of soil

recovered over the amount of sample penetrated.
In rock this notes the percent core recovery and
Rock Quality Designation (RQD).

SAMPLE DEPTH: A column that provides a reference to the depth below

the previously mentioned reference elevation at which
samples were taken. ' ’

BOX SAMPLE NO: 1In the case of rock coring, the box number and core

run number are noted. For soils, the designated type
and consecutively numbered sample are noted by the
following letter;

SS - Split-Spoon sample, obtained by driving a 2-inch
diameter split spoon according to D 1586 to retreve
penetration resistance and sample recovery.

ST - Undisturbed thin-walled tube sample (Shelby Tube)D 1587,
obtained by penetration of a 3-inch diameter thin-walled
tube using an open or, where indicated, fixed piston

sampling head.

C - Continuous sampler: obtained by drilling a 5-foot long, -
2%-inch I.D., CME split barrel sampler into the soil
material. .

DM - Liner tube sampler (Dames & Moore), obtained by
penetration of a thick-walled, split-barrel sampler
containing 2%-inch diameter ring liners.

B - Bag Sample, obtained by combining disturbed auger cuttings
for a large bag sample.



8)

9)

D -

-J -

REMARKS :

Disturbed Sample, obtained from auger cuttings or wash water
for a small container sample.

Jar Sample, obtained from any other sample method, but
later placed into a jar container due to sample size or
disturbance. '

Pertinent observations made and noted by the inspector during
drilling. These may include, but are not restricted to,

type of drilling, water seepage, fluid loss, time during
drilling, material formation, hole termination, pocket
penetrometer readings (TSF), piezometer-installation, water
levels first encountered during drilling and at some time
after completion of drilling, and any other pertinent
information.

SOIL STRENGTH: Qn is the designation of soil strength as measured with

a pocket penetrometer. Units are in tons per square foot.
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Drilling Log
Project Name WESTLAKE Boring N?s _ 80
Project No. Page of .-
84-095-4-002 ; e
Ground Elevation Location Total Footage o
“948.9 | N 2592.79¢2 , €,26/7.0/59 2.0
Drilling Type Hole Size Overburden Footage | Bedrock Footage | No. of Samples | No. Core Boxes ‘| Depth To Water Date Measured
Lip . [; sEL
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T f
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Sample|
Blow or
Depth Description Class. Count Recov. Box No. Remarks
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] - — e e — — —— — -
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— 3/2 | = ]
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" _ -
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1y . —_— — =
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090280 Burns & M<Donnell Form TS.GT¥



TECHNICAL SERVICES l
GEOTECHNICAL DEPARTMENT olte .
Drilling Log (continved)
Boring No. S-80 l
Project Name WESTLAKE Page =2 of &
Project No. 84-075-4-002 Date 8-28§-8Y I
Log BI l:(Core ‘lglaox?r
ecov.
Depth Description cﬂ,r,, cgzv:t & Loss :rqn; y Remarks
3 - ZATURRATED I
T erAYQRAOWN FINE SAWDY ST 7 ~
/1§ | SomEVCLRY, VERY SOFT | ! & APPROX. [47.
7] SATURATED - I
- " .
16 ] 24" —JsT-3% Qf- 0.0 1o 0:5 TSF
3 - I
—_— 7,02 sSToPrPeD 8-28-84
- H RESumMED 8-29-py
S ] waTeR EnvTERED l
/9 01— _ — = - Howe To A Deet1u
< — o 1,5 AFTER
JeRAY SILTY LAY, MEDIUM To ] cameie ST 1 LAs
”:Hnou PLASTICITY MEDIumMm — 9’gTA ' VED. I
— STIeF SATLW R ATE —
— g D — loater LEVEL pEro
] . gR\LL/hé Y200 am
— 4 CT2P-8Y - 12.9°
20 - J0.R 880l é,s_ '
- -
—1 —
2 San| —ST=9|@pz 0.6 752 I
22 5 3.5 I
] ’ _
23_1 TOTAL DEPRPTH 12,0 —

- - A 27 i, PYC I
2‘{: .:ezo;u’;z(j‘e/‘ bias )
] 3 I'\f'T;t”!—‘-."' to 20",

_] 3 Vooof c!,\/ cultrngs I
25: 7 : d"‘j‘ 1o f.Pn“o”r:f'g
— : — f‘u H »te e re .
] _ Im,-;lacth n i';o‘!‘rc;-,‘ I
?—6— — ﬂ k?i’f‘;
- = PUC 15 <lneh - .
- — Ja'n'ﬂ-.l *.lr\r.'-‘g_'g
- ]
27_ : Cuu‘.a“njﬂ. . I
- -] Rotiom 107 I -OJO"
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27 - — e tlet scel above, ‘
] _] Apvlus Js qmu‘fﬁi I
= — “trem §e.'-’:ll +o 271‘._[165,
- = T.0R 13 57 k240 5.5,
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Drilling Log
Project Name Boring No.
VOEST LAKE D- 81
Project No. Page of
B9 -078-4-002 4
Ground Elevation Location Total Footage <& /
447.8 | N 1196-2728 L E. G22.0195% @l
Drilling Type Hole Size | | OverburdenFootage | Bedrock Footage | No. of Samples | No. Core Boxes | Depth To Water | Date Measured
SEE SEE s >
RemaRxs | Rrmirks| LS o 7 o gafﬂixs —
Drilling Co. WABASH DRILLING CO- Driller (s) DorL THORNTON
' T v
Drilling Rig. AckER MP-§& TRIAZR py,‘,’,:,?aﬂonres, STANDARD
Date 8-/13 -89 |10 8~15-3% Fleld Observer (s) GLEN ERNSTMANN
Sample
. Blow or
Depth Description Count Recov. Box No. Remarks
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/ — P&AsTiciry DAmMpP (FIL.L) -
= .
2 _ -
| GRAy.BROWAN COARSE GRAVEL -
] CIAx, 2% 014‘), SomE Fueg —
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5 3 -
—_ ]
e - -
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? - =
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5 e
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« Teqoww CwAYEy ST, 0w PLASTICIT “; sSTOPPED> &-~12-84
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120 o | e e e — - SSUme) O-1v-69
JerowN sSiLTY FINE To mmblum .
T zenp, MEDium DEWs. TY, / e ]
- SATURAT
/3 TISATURATED BELOW APPrROX, 13/ - /narep:~¢:%:%sr
— 4 — NCoUNTE UE
.__(r: PL ?) i - 5‘ APPROYX. 1Z°
090280 -~ Burns & M¢Donnell Form TS-GT-2-1
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. D~ 8 [

111479

Barns & MDonnell

Project Name W ESTLAKE Page =2 of 4
Project No. B4-075-4-002 Date 8-13- 8% I
Log Core Box or
Depth Description cfa',, gé?.‘:.’t Eefg‘,'; Sa't“n: le Remarks I
— RROW N S1LTY FINE To MEDIU ) - L
15 - ! "M s- RELAN 4V
- SA’ND’ MEDIym DENSE '3/5_ 19 : S‘ AJ' R\~ Co'\lE’ l
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- = CONTINWED To
- 6.5 Gl.57 . I
17 - -
3 -1 3 l
81 gre wwn FreE To MEDtum SAND‘ =
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/74 sarurRATED -
5 _
El ;
.—{
= (7’9 o Es 3
21 14 18| 3 > I
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272 - I
pu— —
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

lSrilling Llog (continuved)

Boring No. D- 8 !
Project Name WESTLAKE Page 3 of 4
Project No. &9Y-075-4%-002 : Date B-13-8%
Log Bl l:{Com :goxor
Depth Description -c&r,, c°3‘:t &"f:,’}',‘ ﬂ‘op le Remarks
—GRAY SILTY CLAY MEOjum Jo ss- 4
e PLASTLCILTY, €TIFF To 3.2
232 MED I Win sﬂFF’ mot!sT To -
: 5*7“&“75’ —
335 5
™ aenme — —— am— —
34 JGRAY SILT AND SAND INTERBEDRS, _ Z
T]S1LT 5 10w prasTianyy, | ' -
TJVERY L00sf SATURATED —
35—' s * #la-
- . ‘o *or | 3 NOTEZ Robs sunk
- y f = | e G” WHEN sSAmMPLE
2¢ 3 AN % | 187 55| se.e war moasr
- . 4 — ATTEMPYED ., po
7 K RECOVERY ON FiRST
27 - ATTEMPT S0 Rods
- 0 . WERE DRorra)D
- , - BAck Dowwn yup
- _ ] HoLE ANDNA SAmMp(x
28— ) — osrAwEA,.
33 : =
"faE \ 40,6+
_ ) gu| 1 ° TN
“r 3 igv | Jsm7| Rp® At
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731 - :
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4¢, - to SUBAN GLLAR, ‘oensE "2 e ss-8 N
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47 -
- _— e — — — * -
- (SEE DEScRIFTION Becoi) s
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. pD-8/

o
»

Project Name WESTLAKE Page Y of 4
Project No. 84-075- 4-D0O2 Date 8-13- 84
L8 | Biow | Regov Sox o
P W f
Depth Description cf;',, Count | & Loss m':, ¢ Remarks
; GRAY SAND AWD FINE GRAVEL ]
— INTEQBEDPS, $AND /S FiVE TO —
49 JcoARSE, SUBROUNDED, QUKARTZOSE =
Ejéuum. s sualuw.uaks'w -
JSuBROUNDED , QUARTE , FELDS PAR 3 “
50 -1 Avo SIME matic eWERALS, ' <0 6—]
T|0ENSE T VEAY PEASE -8 |10 —33-9q < GraveL
— ’ o | — —]
51 JSATUWRATED : 2| 18" ]
— . o s 8 —iss-Th = sAND ;
: ."‘l-t 5 N
52— = *
53] 5 .
ki — - U
- /) ]
54 s s 55
— pb g .. . P |
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— 37| 18% . .
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-] - Py - cov phiads.
— - - ans, R ’
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3. L - RolTom 17.5° 75
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T SR - 3:05pm 8-/5-83 -
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Drilling Log ¥
Project Name Boring No.
WESTLAKE : s5-82
P t No. P f
roject No 8"‘075'#"002 age 1 of >
Ground Elevation Location i Total Footage .
447.7 | an. 599./580 , B, 19-3231 265
Drilling Type Hole Size Overburden Footage | Bedrock Footage | No. of Samples | No. Core Boxes | Depth To Water | Date Measured
SfE 5‘6 ”’ O SEL
REMARKS |REMNMRKS | 265 s 0o REMARKS =
Drilling Co. waBhBsH DRILLING CO. Driller (s) DORL THoRNTOHN
DilingRlg. A CKER MP-5, TRuck PonemtionTest___ STANDARD
Date g -29- ¢4 To 8-27-89% Field Observer (s) GLEN ERNITMANN
J Sample|
Blow or
Depth Description Class. Count Recov. Box No. Remarks
~ ] S Sobip Auecrgls
- ] ol z L4
I' -4 BRowN sS&ANDY CLAY, sOmME - Te &h°.
T GRAVEL MEDIUMKM FLASTICITY -
— r 4
] ST'EF Tv VERY STIFP, DAMmMp -
2 o Yo mouisT (Fien) =
3 3
h ]
4 3 —
- -
= 5/
- /4 fe | 1€ 2
¢ 3 18" 55~y
7] G5
7 = 3
8 3 -
9 E ERYWA P VT SANDY SILT, row E
! - - F 15T —
To NON- PLASTIC STIFF, Mo
T To <ATURATESD 3 i«"l?%ﬂff
Jo = 00— BEANCounrYeRRD
O —— @ ,I e
- - R
3 2/3/3 jgk" ] '3’ .
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— — 132 ro1vy’,
. {7. 5]
12 2 -
T LicHT BROWAN ci/E TO MEDILM ]
— sANVD , DAMP -
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Llog (continued)

BoringNo. S -82.
Project Name W E—STL A’ K E Page 2 of 2.
Project No. 84-075-4-002 Date B -27-8%
Log 81 F‘Cora sBaoxtl:r
Depth Description C?a'gg CQ?,‘:t &"{’3}'; ﬁ': ¢ Remarks
o LicHr RRowwN FI/NETO MEbIUM -
1 sawvs, DAmMmp -
’5 - — —— — — 3 AU-’_
- P
- eROWN SiuLTY cLAY, med/um 7/ YA -
] PLAITICLTY, Ural S'ru'ﬁ 13 7p# TJs<-
16 = MorvsT g5s-3
3 1‘:5‘-
74— — — = — - SATURATED
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. _ COLLARSED TO
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Drilling Log
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p
g‘f :
Prllect Name BoringNo.. _
WESTLAKE - D-83
Project No. KN Page of
89-075-4-002 1 7
QGround Elevation Location Total Footage 115 3
Drilling Type Hole Size Overburden Footage | Bedrock Footage | No. of Samples | No. Core Boxes | Depth To Water Date Measured
SEE SiE SEE _
REMARKS | pemarks l%’ia- o /o 0 RE/MARKS | *
DrilngCo. WA BASH DR IWWIKNG CO. Driller (s) PORL THORNTOA
DrilingRig. A CKER Mp -5, TRUCK Bype ol o Test SFrANDARD
Date B-16-94 To g-20-8% Fleld Observer () GLEN ERMSTMP A/
Sample
Blow or
Depth Description Class. Count Recov. Box No. Remarks
T BrRoWN E;NE SANDY ST AWND —] v
1 o wnIC — EDrA., SstD
! - aeh MATERIAL, 9AMmP - AUGERS 07 roi5”,
T RAVWN Siupy FINR s&mo,MMf .
2 _
3 e m — — -
T LicHT aRoWN FINKE To MED UM —
4 sAWND ,TRACE 3'+T, L00SE TO ]
I MEDIUM DENSITY, PAMP ) -
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& _ . ;10—
— 3/3/3| 1% S
¢ 3 8" ss-t
E oo
7 4 =
- (A -
8 — : —
] -
g 3 4 |
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. — MATGRI A L
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J cuny SEARNS, SATURATED - ]
090280 dums & MDonnell
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No.]) - 8%
Project Name WESTLAKE Page 2- of 7
Project No. BY~-075 - 4-002 Date 8-~16 -8¢
L9 | giow |Roco Stonple
Depth Description cf;';, Co?‘:t &“.‘_’3‘,',‘ |'\|n§ g Remarks
T ASt SRSRE,P ATAINL - »
1 iINTRoBEDD % w3 — BEGAN 4727 P/4.
¢z’ 10 G *) <Ly sE&A‘ — Txu%«cmue wWAaAsSY
IS T <saTnaated 4"_ BORING (@ 157 7o
BROWA) FitTY CLAY, Mm&Tiuasm | 4 -] 175,37 .
— CASTICLTY | mo 3T l/o/ L Sid :55'3"4
1 = LicHT BROWA FINVE To MEDIUM SAND s /8" o |
JqYRAcE silT MEDIUM DENS\TY, A8 crospkD 8-16-84
{6.5]
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173 — RESUMED 8-17-3%
18 -
- _
;o—] Fine To COARSE sAWD Awp -
74 Fiwe GRAVEL, 3ATURATED -
3 =
20 — — — Iy, s
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Zza 3
3 ]
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- 1S /o 13” —
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= .
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continved)

BoringNo. D~ 9 3

Project Name WESTLAKE Page = of 7
Project No. 84-075-4-002 Date 8 ~1¢~-8%
Log Bl l:‘Core glaox?r
Depth Description Class |Count |& Loss No, Remarks
— —-ss-
- 21, 5- 6
323 GRAY F'NE ¥b MEbium 2AND, ~
T YRACK 1Lt AND cOARSR <A ND, -
T PRImMARILY BQuARTZ SAND, —
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34 —
35— o 35,9
- “ n|
] 7 R4 .
= Z 1< | deseg
(A 21 | 19n j
— ‘b";"
- ]
37 -
38 -
—GrrY~-BROWN MEPIUM 0 COARsY —
Tl sAnD, FEW F'NE GRAVEL Stams, 40 -
"05 PRIMAQILY QUARTE ,W'Tw Semt 1o ‘."_
— FELDSPAR, SUBROUNDED TO “ 8 | 3
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Y14 SATurR4TED ? 7| '8 :gs.g
- s
92 - -
43 -
E doran . E - /
Y94 — — —
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— SUBAWGULAR GRAWNS, MEPIUM z/o qrep T
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— — -
- . "/6,5'1
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111479 Barns & MDonnell Form TS-GT-2-2



TECHNICAL SERVICES .
GEOTECHNICAL DEPARTMENT Dri"ing l.og (Conl'inued)
Boring No.D- 83 I
Project Name WESTLAKE Page ¥ of 7
Project No. B89-075-v-002 Date 8 -16-9% l
Log | RCore Box or
Depth Description cfa’;; goﬂ‘:t &"f.‘,’}',' Sa&n: le Remarks
—| GRAY-B8ROWN FINE TO COARSE SAWD -
— AND FINE TO co4anr SR CRAVEL =
— AS OEsCRIBED A8OVE — 7
49: — :
T GRAY FINE Yo coResE sanD, 3 I
50 MEDIUM DENS 1Y, SATURATED $0.3]
- o 4 ]
- “Z 7.| 87| 3 l
& 3 71 184 iss"o
] 4.5 - )
S22 o o F s l
= . BT AR
533 3 '
54 ] . l
- .
55 — Tt l
E ]
5S¢ - I
3 -
—] —
57 .
3 - l
£6 ~
— sanp AND GRAVEL, SATURKTED - I
7 -]
594 =
c,oj _— - 40164 I
T GRAY STV FINE TO MEDIUM S4N ky | 2| 3
J PaIMARILY QUARTZ, VERY DENnsE, | %o | viv | Tss-0
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TECHNICAL SERVICES !

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No.D - 83

Project Name WESTLAKE

Page S of 7

Project No. 84-075-.<9-p002, Date 8 — /-89
Log Bl l:‘Core Box?r
Depth Description cf’ar,, cgﬂ",',’t &°f3‘s’; ﬂ‘: ° Remarks
6: GRAM S ILTY FINE To MEDIUR SAND, =
G - PRIMARILY QUARTE, VERY DENSE -
7 = =
JspveRaL THIN (37 ro 6" Thicr) -
-] EiNe TU COARSE GRAVEL -
8- f=Ams AND COARSE SAND —
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69 = —
70 7 o]
_ 11/ v L ]
- 22| 80| Tec-
9 —s5-12
: 757
v2 - 3
22 - _ =
(s -
79 — .
75 - _
= -
7¢ = -
- N oo -
77 4 GRay-BrOWN COARSE SAND -
 some FINE ™ MEDIun sAND - NOTE: SLIGHT
-] Aavd FivE GRAVEL , QUARTZ, - URGANIC OR
7€: FELDSPAR AND soMmE MAFc - LEACHATE - LIKE
] MINVERALS, SUBROUNDOED, = cook 1r) saripLES.
- MRDIuMm DENsSITY To PENSE, ] $<s-12 % ss-i3
-9 7] SATupAtED 3
80 lia 80.]
- % | 2|
31 M| 18~ | 95513
. B1,5 ]

3"‘3'\'~‘§:‘
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

-':_:4'_ Boring No. - &3
Project Name WESTLAKE Page G of 7
Project No. 8- 078~ y-002 By Date 8 -/6- 99
Bl RCore Box or
Depth Description & CIarg; c°3',:'t &"fg','; s‘&“g le Remarks
— -"_/ _1
83 3 é
8y E GRAY - BROWN COARSE < AND, -
] somE EINE TO MEDIUN cand .
- 4D FNE GRA»UEL QuArT 2 —
8  FeLDSPAR AUD SomE Maric’ =
- miverALY ~SUBROUNOED, n
] mebivum Fengiry ro peuse -
86 2 SATURATED ]
— -
87 ] =
= =
88 — -
- .
87 — -
- ] NOTE T AMODERAFE
— j TO STROWC LEACHATE|-
90 3 % LIKE ODOR (N
_ 4, g | I SAMPLE S5 <14
— l}- ot —
9s 3 17| 18" | 5514
E OCCASIHBIVAL GRAVEL sum (30 P57
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- . -
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1 o 14
95 ] —
96 -
q7j -
— —
98 -
- 3
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. D=~ 83
Project Name ~ WESTLAKE Page 7 of 7
Project No. B4-075-4-002 , Date 8-1le-8%
Los | oiow |Race Sornpre
Depth Description Class co?.‘.'"t &efg:s' &ln:e Remarks
005 GRAY=-BRowN COARSE SQ’JD) SOmME }Jua: Stow ENR ,DRILLING
/90 miije 1o MEDILM SAND AND FiNE 18, ©] RAFE 90’ vo 1007
TJGRAVEL , QURRTZ, FELDSLAR AWN) z} 1 . R
—— SOME MAFic MINERALS SUBROUNIED, 2¢ 18" | —{SS-I§
T MEPIUm DENSE TO bENSE -
b 8-17-8%
TJsAY 10LS; STorPE
= SATUPAIED | . ReSuMED 8-20-8%
102: eci&s-oud; GRA; & Sc:h _
- (2 T0 4" vHicx), 92° ro 104’ . -
/o3 -
3 . MucH sCowERQ
-] — DRILLING RATE
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~ — A 27 dy
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- 7] Pve s filush ~
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— — 585 waith a 2/
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— ‘Ja'—ﬂ rfom Seq' 'fb
] GRAvVEL ANWND sAND SomE SILT - 3» | _ . ,
] - , - 22 | = dss-¢c| 70P. 15 3.2
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_ 1L A ce
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- | -
— —
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157 o | e-20-69 is 7
T crEAM LimEsSTONE - 14,507 Btlow T.0.p,
— TaTesw DEpTH 115,37 -
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Drilling Log
Project Name Boring No
WESTLANKE 5- 84
Project No. Page of
) 84- o7s-4-002 “ 3
Ground Elevation Location ’ Total Footage "
: 452 7 N, 390.0038, E,1798.2729 3.5
Drilling Type Hole Size Overturden Footage | Bl@drock Footage | No. of Samples | No. Core Boxes | Depth Towater | Date Measured
SE€L pu 3SCE
RemAaxs| S 3.5 ) 4 o QEMA Rics -
Drilling Co. WARASH DRILLING cO. Driller () BORL THORNTON
DriingRls.  ACKER MP -§, TRUCK PonetatonTest __ STANDARD
Date E&-2qg-g% To G-24-894 Field Observer (s) GLEN ERNSTMANVN
Sample
Blow or
Depth Description Class. Count Recov. Box No. Remarks
] ] 5% p1a. 5’}"7
— LIGHT &ROWAN saAND, SILT Anp - AUGERS (o7 T2
! E GRAUEL  Damp Te pay (:u.() E 27 .
2 3
z -
4 .
— GREENISH Gray 190 DARK OGRay. —
: S.‘-TY FINE $QVID " \’ER\’ Loos;l :
£ 4 0AamMP (k) [
- 2/2/2| 18" I
e 18 - SS-1
- =
7 -
- 3
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7 5 ':'
- -
10 = -
)¢ — =
. — FEV Jwiwn
71— — e— — . SATURATE)D
72 JJ GRAEENISH GA Ay SILTY FINE - SA MDY ?-D'JE';
] sAWD , 20VES oF park GRANY . Briow 127 .
— <L.AY EY S LT , ”no'$1 fo —
i3 7 SATURATE)D (tu.g.) -
— —
090280 Burns & MtDonnell Form TS-GT-2-1
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No.S - &4
Project Name wEsTL. QK E Page 2 of 3
Project No. 84 -075-4-00%¢ Dite 8-24-8%
- L98 | g1ow | Rone Sox or
Depth Description C?ara Cottmt & Ifg:s ﬂ‘:.e Remarks
—1 ———
'S S 50
] GREENISH GRAY S1. 1Y FINE SAWD 24" .
‘% {ZoNES oF DARK GAAY crLaYey ’ =L - QP =N/A.
—1] st l-r, Mmoi1sT To SATURATE)D (F“-L) 2y —s1-2 '
v {3,
18 —
19 i -
— . Akl MATERIAL
0 - ] SATURATED
¢ - — BELOW APPROY,
-] ’
— ] 20 e’
2t 7 —
- -
22 - —_— — — 3
T cray - BROWN FINE T° MEDIUM -
23 SAND, TRACE SitT, MEDIUM =
— DeENSE -
24 -
= :
zs: gs.o
= % |2 3
26 v |8 =73
- 12 =
: 1?6.{
27 = -
- - ;'PRD!. G Fr. or
— ] Loy GH
28 — —_— — ] VHE WM Sq’b'(vhH:Lc
| GRAY MEP UM To COAASE SANY, - S5-4 WAS piggr
T mevium DEVSITY, SATURATED - ATresm Pred.
29 = / - CASING Y AS dRIVE
] — To 30° THEWN Stou
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° 3 Ly 3007 Lo BTUTONITE wiRS
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continved)

Boring NoS’ & ‘?

32
33
3¢
35
L1Z
37
3¢

29

AN AR NN R R NN NN NN RN R NN IR NN IR RN NEN R NN

TOorAa L
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Project Name WESTLAKE Page 3 of 3
Project No. 84-693-4-002 Date & 24¥-8%
Log Core Box or
o or Blow | Recov. ISample
Depth Description Class |{Count |& Loss No. Remarks
. (see 4sove ss-4
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N Drilling Log.
+
Project N Boring No.
roleciiiame WEST LAKE _° e ci)- 8¢5
Project No. P f
rolecte B84-075~49-002 - R T A
Ground Elevation Location Total Footage ’
: Y53, N N0, SY1l , E. 1966.8%30 4.1
Drilling Type Hole Size Overburden Footage | Bedrock Footage | No. of Samples | No. Core Boxes | Depth To Water | Date Measured
" SEE SEL SEE
REMARKS | ReEmar Kk 83.5 0. C 2 o REMARK S -
Drilling Co. WABASH DRILLING CO- Driller (s) DOREL THORNFTOA/
Type of
Drilling Rig. ACKER MP-5, TRUCK leen::'aﬂon Test STANVDARD
Date 8-21-8% To Q@-22-8¢ FieldObserver(s) G LEN £RQ W s7TM AV
’ Sample
Blow or
Depth Description Class. Count Recov. Box No. Remarks
— - & solb
] EIGHT prowN SAND ST ANC 1 AUGERS O 7
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- -
2 3 7]
3 -
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53 , (Fet) o
] 7
= 3/2/3 78| Tss-
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: ‘:45:
7z =
8 4 -
9 3 -
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10 0.8 wWAcH GORE
— P : ’010’. To 89.,(7.
- YAVE _Q" Z
1 = 18 s %
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12 2 - REsumep g-22 84
T oRAY cLAYRY SILT, AND" FINE -
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rmosy [ piug) —
® Burns & M<Donnell Form TS-GT-2-1



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No.D -8 5'

i

Project Name WEst LAKE Page 2 of ¢
Project No. 864 -0675-9-002 Date @-2!-8%
AN
Depth Description Class Cog‘:t &ef::s' No. Remarks
JGRAY cLAYEY < WLT, AND_. FIRLE E
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- 4 °
25 #4504
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- Drilling Log, continued
Boring NoD-85~
Project Name WEsSTLAKE Page 3 of 4
Project No. 84-075-4-002 Date 8-~2|-2¢%
Log Blow Core Box or
Depth Description ooy | count | £%2% Semple Remarks
Jderay FIVE To COARSE ShnD, 1s<-¢
- TRACE SILT, MEDIUM DEAMSE 316:
3, =] T¢ VERY DENSE, SATURATED -
: ] PRIMAR(LY SUBROUN DEP QRUARTZ j ([
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- 3 "
39 - . .
35'3 35
— 2! 1 4 .
— = /13 —
1 - 27 - 1 -7
3 ! 7 . s
€ 2¢| '8 o
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37 2 -
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=l 2
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43 -
$4 —
3 3
7$’j _]
46 — , 3
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47 XY -
051281 Burns & M<Donnell Form TS-GT-2-2
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

111479

Barns & MDonnell

Boring No.D' 85— I
Project Name WESTLAKRE Page < of &
Project No. By-0785-4-002 Date B-21-8% I
Log Bl R(éore sBaox?r

Depth Description cﬂ:rss CO?Ivl':t & I?g:s wge Remarks
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—] SomE FINE to MEDPIum SAND, FEY —
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

; Boring No.D~-8 &
Project Name  WESTLAKE . Page S of G
Project No. 84-075- 4-002 ; Date 8-21-8%
Log Bl RCore gaox ¢I)r
Depth Description cﬁ,r,, CO?,:t &“fg‘,’; m’,’, ° Remarks
] GREEN ISP GRAY To -
ce GARAY FINE 1O mMEDIWM sAND, - -
© T TRACE SILT AND claRSE SAND, -
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- 22 S
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. p-8%
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TOTAL
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Project Name WESISTLAKE Page (@ of @
Project No. 84-075-4% ~002 Date B -2!-8%
Log Core Box or
. or |Blow |Recov. Sample
Depth Description Class [Count |& Loss No. Remarks
GRAVEL , COBRLES AND SAND,
SATUWRATE D
83 .
CREAM To LIGHT BROWN LIMESTONE A 27da, pvC
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o ‘Drilling Log !
Project Name Boring No. £t
WESTLAKE  p- 87 ﬁa
- oot
[ Project No. Page i
B84Y-075-«y-002 7
Ground Elevation Location . : Total Footage
460:0 A /l'*/,‘/$‘ , E. 703.6%87 . 1el.7 .
Drilling Type Hole Size Overburden Footage | Bedrock Footage | No. of Samples | No. Core Boxes | Depth To Water | Date Measured
£ 3 o7 T} . sSEE
REMARK S e YC,EE 727, O 9,7 22 O REMARKS —
Drilling Co. WABASH DRILLING <O Driler (s) DORw THoRNTON
- T ]
Drilling Rig. ACKER MP-5, TRuck PenetrationTest S TA V0 AR D
Date 8-9-8« To 8~ }0~-9BY FieldObserver(s) G LEN ERNSTMANY
Sample
Blow or
Depth Description Class. Count Recov. Box No. Remarks
— LI6RT BROWN FINE T? CoARSE —
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- pAmp (Plu.) - 57 soLip AuGERS
r - —_— - o’ ro 30.0°
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- ]
3 = —
4 2 —
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p— —
s 2 - | 50 Z¥ 507
: . _/3’0 350 3: ss-'
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T moisT ( Fiol ¥ xi _
] TRACE GAaUREL (a“ MAK. D,?ﬁaa’ -]
8 — .
9 3
103 . - fo. 0 -
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y - g 3552
: ."0% L4
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13- -
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Drilling Log, continued

BoringNo. D - 87
Project Name WESTLAKE Page 2 of 7
Project No. B84-075-4-002 Date 8~ 7-89
Log Blow Core Box or
Depth Description Class | Count | & Lous S Remarks
] —t
— mMoTreED LlGHT c.klw! To PARK GQAY -
70 BrYwiv SANDY, SILTY CLAy, Vel
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22— E.Z-“_
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Drilling Log, continued

Boring No.D- 87
Project Name =~ WEST LAKE _ Page 3 of 7
Project No. 89-075-y-002 : Date S -— 9 -8%
Log Blow Core Box or
Depth Description C?:a Count :o:oo:' s‘;‘:" Remarks
_ﬁ - o - - .
Tl BRoww To GRAV-BROWAN S, TY p SS-6 . Hork
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Drilling Log, continued
Boring No.D- 8 7 I
Project Name WESTLAKE P Page 4 of 7
Project No. 84~ 095-4-~007 Date 8- 9- 89 l
. Log Blow Core Box or
Depth Description ooy | coun | ACoN: Sample Remarks

— — l
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50 -| TRAce S!<T, pENSE To VeRgy f §0-4

— PEWSE, SATUR ATED % 10t l
51 3 %o| 8% Ss-g

— /.2 l
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] DAL, GRAY EINE TO mEDIuM sqagf’ —
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Drilling Log, continued

l BoringNo. D- &7
o Project Name WESTLAKE . _ Page g of 7/
l Project No. BY9Y-0725 .4~ 00?_ Date Q -9~ 3%
Log Core Box or
Bl
Depth Description Chacs | Count | & com Suple Remarks
I —_ GREE”"H Pbi_
—DARK GRAY FiNE To MEDIUM SAND, 3 -
. T‘U\(E SILT, DENSE TO VE Ry PEASE zs | 127 TSs-i3
€¢ < sarturared 1 S AL
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1 | - ]
- .
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l 29 70.64 )
' = %}, Janl 3 ’
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l I = Z
. 737 -]
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- 79 3
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Drilling Log, continued
Boring No. D - 87 I
Project Name WESTLAKE Page @ of 7
Project No. 84-075-4-002 pate 8- 7- 8% '
Log Blow Core Box or
Depth Description c.l)ars Count gelfoo:s Sa&n:la Remarks
4 GRav vo o . '
83 o PARK GREENISU GRAY FINE 7o -
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J ok 17 Y0 57 I — —]
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87 = = I
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88 -] }
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] COARSE wiTH TRACE FINE ]
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E e
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Drilling Log, continued

Boring No.D- 87
Project Name WESTLAKE Page 7 of 7
Project No. 8Y-075-4-002 Date B8~ F-89
hd Log Blow Core Box or
Depth = Description cf;s Count 29:00; Sa;‘n :Ie * Remarks
T GrAY 10 DARK GREENISH GRAY Lk —
Joo— T0 CORRSE g&ND,H;GHu QUARTZOSE 6"“0‘
] SUBRPpUNGE D GRAINS, YVERY DENSE a}!o l-{:' :SS'ZO
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:1 FEW vHIN (2% T0 6" T ck) . ]
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i oF ROUGHLY 17 yo £’ , .
103 NOTE 2 $AAD sx PRED 8Miw Ay -
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/05— Z/q al = Pvc 1s Flush -
- 3 A o] 92T, Thicaded - |
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Drilling Log
Project Name Boring No.
WESTLAKE S- 68
Project No. ) Page of
84-075-49-002 3
Ground Elevation Location Total Footage .
. %6o.0 N eT750461, E. 309.227F )
Drilling Type Hole Size Overburden Footage | Bedrock Footage | No. of Samples | No. Core Boxes | Depth To Water | Date Measured
sEL SEE ’ SEE
REMARKS | REMARKS Y15 o 7 o REMARKS -
Drilling Co. VABASH DRILLING CO- Driller (s) DoORL THORNTON
oiingRlg. AckER Mp-5 TRUcK TYPe ol on Test STAND ARD
Date 8-15 -84 To 8-/6-9% Field Observer (s) GLEN ERNSIMANN
Sampie
Blow or
Depth Description Class. | - Count Recov. Box No. Remarks
:_] : E 57 piIA s.oup
/3 GRAY 70 ApOuUN SAND AND - AUGERS O’ Tp
— F/WE GAAVEL ,pRY TO DAMP - 307,
:1(1:1 L) -
2 — -
] ]
— —
3 3
4 =
: 4
5 -
] GR&VEL ) SOME ‘&‘\)D/ DAMP .
s Ll -
7 O e 4
T BROWWy FILT, 40w TO NON~ "]
8 ] PLASTIC, MOIST TO DAMp TFILL) _
] GRAVEL (7 MAX, DIA) some .
g O SAND <CLAY AND LAND Rl -
-] PEBRIS, pAmp (Fi) _
/O: lDtg
— '5" —
— /14 = —.
- NIEVIA | s 1
/1 7 . -
- {15
yr . -
— —
/3 - -
3
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring NoG- 88
Project Name WESTLAKE Page 2 of 3
Project No. B4-07& - 4-D02. Date 8~ /5-84
Lo9 | biow |Rosor.|  [Ssmmpre
Depth Description Ciass |Count |& Loss No, Remarks
1§ — — — — — — — {£.3
1 6RAY EINE SANMDY SILT, Low 4 'y AU _
3 pLASTICITY, MEDI UM omsa 4/ <1 dss.p
s JPAMP 3| 184 =
- 46,51
17 3 - SATURATED S2A 43l
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- - @ arProOx, '8°
/8 = ]
T FEW THINV, =ATURATED SITY ]
— FIN® o COARSE SAWD SEAMS -]
Jg 7 18’ 1o 29497, ]
- =
20: c 2}0.‘:_
p— ,/6 la” —
— Yol g 553
2l 3
- R1.5]
22 =] MATERIAL s
—_ — SATNBATED RB&ow
- — APIROX. 247
23 -
24-5 5
T GRAY Bty PINE To MgDinm yml, 3
26 FEW sANDY 1LY skams, 2501
— SATURATED ] QRp= N4,
: # 0‘0 — :
2¢ Y3, =] T Y| No RECOVERY 0w
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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EOTEC CAL DEPA MENT oflge .
GEOTECHNICA T Drilling Log (continued)
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring NoD-89
Project Name WESTLAKF Page 2 of &
Project No. O4-075- 4-002 Date g-27-8¢4
Log Core Box or
e or | Blow |Recov. Sample
Depth Description Class |[Count [& Loss No. Remarks

BUFF LITALSTONE

3

NN NN RN NN NN SR RN N NN NN NN RN AN NN IR AR

ToYAL OEPTH %707

8

a

A 2" dia. PVC
Pnezbme‘;‘br- wa s
installed 1o 497/,
pve s flush T

JornTed +hread ed
CO‘A'P l‘-j‘o

fotrtem 15”7 s
:010" machine

glotred screen ., l
Rolto m 16,5153
1

~

IS
w

&

jro.vel peck

Wwith « 2° Theek
hento aste pelleT
52’2.‘0 ;qur;
Apnlug 15 fnssl-rJ
jrou‘l‘ea‘ Lrorm seal
70 . Surface-

}

o,p 15 3.
o.bm/e‘éf‘owwx
surfa

L4

Wwayenr LEVEL 3
22.%7 8RLOW T0,P.
[moedaTelY
AFTER PIEZomETEH
(N >TALKTION, 12304m
8 -2¢-8Y

NN RN AN NN RN RN RN RN R N RN RN R RN TN RN AN AN AN NN

111479 Barns & MDonnell Form TS-GT-2-2 ‘




P

o

e P . . . ond
. (t8

e

Drilling Log

Project Name *|Boring No. N
WESTLALE: D-90
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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GEOTECHNICAL DEPARTMENT

Drilling Log (continued)
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. D - 93~
Project Name WESTLAKE Page 4 of
Project No. E’-/' 075 - L/’ 20 ‘/ Date <-22.-8%
) Lo | g0 | Aeson Saoole
Depth Description Class Cozv:t & fg:; R,‘j’ € Remarks
T BROwN Fing sAADY ST, Lo 3 WATER LEVEL,
1 JPLNsTICITY, VERY LOOSE, MOIST — s & I13.¢° BELoWw
| SATURATED BE(OwW APPRIX. |5 ° < — G S, TiiZam
: T ELD PO 1; /} ('ll : .L/_ZZ __35’ (HOLF,
— 3| 3~ —£5-3| SAT oUERAIGHT
‘e T . AFIER LErYG
- e 5] PRivt T 207),
- 3
’7 - —
5 BROWN F/NE 1O MEDIVM SAND, -
19 0 toosE T2 MEDIumMm DENSE, .
T sATMRAYED =
20 o
: "/ 6" :
] 2 & -
. , _dss-4
zi1 J ’/;? /| ope
n i STOPPED 4-22.93"
_ j RECUMED 4-23 -85
221 - SET 44" casimd
_ ] AND BEGAN WAsH
237 ] BPRING W/ 3744
_ - Dia. TRL-LOKE
] ] Bir,
24 . , R4S
— sLTY sAw)d SEAM =250 tTo 253 ]
] 12
25 18" 155
- b 2c.5
%] — — — — — — — | [ |3
—| BRowWN s,LTY FIVE 7O MEDIUM -
274 5AND,PE~$E;$ATm&argp B
2% -
274 ) 9,04
- 21 (12"
- S O
30 20 | 18" §55'6
: :‘.:0’!:

C

111479

Barns & MDonnell
W. Consuitarnt's

Form TS-GT-2-2 I




I'

TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

BoringNo. D = 9%

Project Name WESTLAKE Page =2 of
Project No. Date 4-23 -85
Log I:‘Core Box or
Depth Description Chis |Count |& Loss| | Re Remarks
- —
3Z Jepown SIeTY FIAC To MEDIum savp =
—oEnsE, SATURATED g 7]
23 5
34 B#2
i~ b &=
- 16 | y4n |
2 - 23 ’8" :55"7
- 24
3¢ a‘
374 3
s — GRAY FINE To MEDIUMm SAND, -
3o = mepium DENSE 7o vERY DEWNSE, =
—| SATURAYED —
293 295
: 9/ l’l —
i 1/ .'8- :55'5
4o | 14 -
_ f0,3]
< ]
92 ] -
43 -
= ¥,
= Y e | 3
55 2 %) 8| D59
] 45,71
4¢ 3 -] .
- I FEW Ml CoARSE 3AwWD SEAMS -
4 4 477 To 47 -

1111479

Burns & MtDonnell
| Enginsers-Architects-Conmitants

Form TS-GT-2-2



TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. D - 75

Project Name WESTLAKE

Page

el of

| Date

Depth

Project No. gl{ /) 75'—- mﬁl.l

Description

Log
or
Class

Blow
Count

Core
Recov,
& Loss

Box or
Sample
No.

Remarks

41

50

sl

52

LyA

57

5¢

59

co

o2

~¥4

¢

Sl NN N NN R NN N N N NI NN N NN AN NN NN R NN

GRAY FINE TO MEDIUM SAND
MED UM DEA<E To VERY DEnep
SATURARTL) y

GRAY FINE TO COARSE SAND,
TRACE FIVE GRAJEL) DEVSE

.g\ﬁ\;

N

s

Ky

3s-10

NN RN I NN NN RN RN NN AR NN YRERANL JENE

59.

NN

55~

AN INANRRN N RN EENY

111479

Barns & H'-'Donnol!

}

Form TS-GT-2-2 I
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

Boring No. D- 95_

Project Name

WEsTrLAkE

Page

{ of

Date

Depth

Project No. 19 J-07y - Yy '00'!

Description

Log
or
Class

Blow
Count

Core
Recov.
& Loss

Box or
Sample
No.

Remarks

el

@7

N
R

IR NN N NN NN NN NN A NN NN NN AN RN

10

74

75

79

8o

8

GRAY FINE To Mmedium !:h;ub/

veERY DEASE, BATURATED

cRAURL 3€AM Y20 =72.%°

— “— om— — — a—

GRAY COARSK SAND , SOME
MED I U AND FInL SANID,
VERY DENSE

24

19\

-

)

Al

7"
,800

PLdP ettt

Qv
-
-

X

S

RIS

3

AN RN NN RN AN N AN AN NN NN RN

55~ lﬁ

|

S<-1%

111479

Burns & M Donnell
Enginsers-Archilects-Consuitants

Form TS-GT-2-2



Drilling Log, continued

BoringNo. D = ?f

Project Name

WESTLAKE

Page

Q of

Project No.

g4-025- H4-004

Date

Depth

Description

Log

Class

Blow
Count

Core
Recov.
& Loss

Box or
Sample
No.

Remarks

83

¢}
~-

ISR NN RN

Q
w“

x
o

©Q
~

)
D
L1

Q
IR
|

Ny

7z

Q -~
4 ¥ W

+
IR NI IR NN NN A NN RN

&

GRAY CORRSE SAWMD JOomE
MEPIUM AWD FINE SAMD, VERY

DEWSE , sATURATED

cRavEL SEAM 83,5 1o 93.9

TRACE oF CoARLE GRpvLL

7509 TO

7 ”
;3"

§

IR AN

AN NN NN RN NN

3

S5 14

STOFPED H4-T3-85

RN RN NN RN RN

REuniDdD 4-Yy-05

051281

- Burns & MDonnell

EMCINEERS - ARCHITECTS - CONRATANTS

Form TS-GT-2-2
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Drilling Log (continued)

v

Boring No. | ~ F<~
Project Name lVESTLAKE Page 7 of
Project No. HJ—0'75“- q"OO"{ Date
Log BI RCore sBox or
Depth Description C?arss cO?,‘:,vt &efg:; a.'\',‘é’_ le Remarks
] GRAY cOAKR<E TAKD, SOME MEDIum 17 77%
] AVD FiwE SAND VERY PENsE {3 —
00 O SATURATED ‘ ’ = 2| F3s-is
] 43| 18| o
— 100-5;‘
107 T~ MESTONVE - : _
— . —] A ‘Z” d:q,/’F/hS.A‘
- - TovAL DEPTY 101.0 _ J°"‘T/ tirrades
1072 - Cosale PUC
—] —] P'lezo mgher Was
-1 - E‘ iasTafed to 104.0"
/033 . Boltom 207 is
- . - ,0t0 rioachine
7 _ -.;Iorfeag screen.
104 ] _ Hole co llapsed
] - fo @27 afir
-] ] PVc installed.
/05— . Grout ¢2/ 7o
- . surface.
-] - . , -
10c . 0.p, 15 3.3
= — above 3'0UM($Mr‘!‘;cL.
107 - Water level
] T w - rezomelenr
- . - immed fately oofrer
/1086 j insTallation Ya2¥-ds
— ] 3:00pm i3
-] ] .7~ below T0/R
109 3
1103 =
/17 2 —
7] -
- : _
lig 3 -
- ]
13— -
y R _
115 ] -
111479 EBums & H‘Donncl! Form TS-GT-2-2
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APPENDIX B

PIEZOMETER CONSTRUCTION



=]

2z oe

ad

o

051978

Form GCO-1-9

Vented Cap--\\‘1

Material mounded to

ensure runoff -
l/,>.<_. —_—

7
Casing diameter '
2-1ach I.D <
oA
Backfill material °
AMeat Cement A
‘Ergutﬂ E I: ! N . B
prj
T
Slotted casing .
-

Length of casing

slotted
20 To 20.0 Feer

revel pack
P r Cher
Length of hole

t

Helght of top of pipe above .

j eround surface M

] -I.I

«— Ground Surface

«
. »

R
'ﬁ_ Depth to top

< of .
. oravel pack Vorioble
o~ P’
.4 ‘

-
V .
‘A

V

ST M AR

bpackfilled with

gravel pack

70 Y0 22.0 fFefr

B

imatel
© EEET OF

BenTomITE  PELLETS

Rottom of bore hole

Denth 22-0 to ll/5,3 FeET
Bore hole i
diameter 4o 1o 5 ~inches
date project
designed PIEZOMETER CONSTRUCTION
RECORD contract
Engineers C
E!‘lf"’»‘& Architects Py o,

M<Donnell Consutants §

Kansas City. Missoun

Piezometer No. TYPICAL : -



APPENDIX C

OBSERVED WATER LEVEL READINGS
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet _____of
Project Name WEeT LA kE- I Project No. 8- O75- <1-007 Hole No. y_ 2~ (old N-1) .
Location Etev. Ground Surface (G.S.) ©<99.0

N E Elev. Top at Pipe (T.O.P.) or Reference Point (RP) &3 , <@
Date Started Orilling Hole ~ Time _ Total Depth of Hole Drilling Type
_ - 40.¢ —
Date Completed Drilling Hole ___ Time . e e
Date Piezometer Installed . Time - 40, 0.0
Remarks:
Date Time By Whom Depth to Water* : W.L. Elev. Remarks
4 - 2689 1:15an | P Hustad JE.8 " tom T, 0,P- 437,68
Gre -84 10: %0 am L, Rolirncsun 26 097 “trom 7,948 43701
J- 8- &% 3:¥3pm G. Ernst pann g, L@ from T 3.F, 434. 86
8-20- 8% 505 pm G. Ernshuonn /9.5 “tom  71,0.P. 433.7¢€ Elcelric Tape [wdu-'lcvel v icaler])
B-29 -84 7:150m | G, ErnsTmann 20.3% from T.0.P. ¥Y53.)5 ' '
10 -3-8% G009 an R« Kobinson 20,9 from T,0.P- 433,08 Electric Tape
10 -26 -8BY l12:58 pm G.Ernstamann 18.80 from T,0.P. 43%,08 Eleclr.e Tape
12-14- 8y 12:58 pm -6;=.’E'r-§¥;"r=\ar~x- /18,50 ftoom T, 0/P, ¥34.98 Eleclr.c Tape
2-30- 8% 2425 pm G. Ecnstmonn /5.50 from  T.0.P, 437,98 sdeel tope
4 vz /ZZSSPMI\":' T G. Ernslinanan '7.1=2 from  Ho,P. 436.36
- /08 1T < v <. Pay;a'i'r:ﬁ‘.r.,’, Y. 4¢ from T e e g
- v-€E85 — <. B, ek 19,1y from  T,0.p, YWY 29 Closs Jape’
from '
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.O.P.}), or Reference Point (R.P.). .
080679 - _ ' ' . Barns & MDonnell Form TS-GT-2-8
Enginssrs-Architects- Coneultants



TECHNICAL SERVICES

GE CHNICAL DEP :

OTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name ) < T L & <E = I Project No. 8- 07 - e e Hole No.c . & (old HL-3 )
Location Ejev. Ground Surface (G.S.) $9¢.,2

N E . Elev. Top at Pipe (T.0.P.) or Reference Point {R.P.) 947, 72
Date Started Drilling Hole . Time Total Depth of Hole Drilling Type
z5.4 —
Date Completed Drilling Hole Time .
Total Depth of Piezometer _ . Footage Slotted
Date Piezometer Installed Time - 20, 2.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks

“/"26‘6‘/ ,':384,)1 pr ‘/aSTacI /213 from 7,00}3 ‘9350 "/E

§-29-8v% 12: 95 pm G. Ernstamann 13.0 fom T1.0.f “3%Y,72

(o~ 2.7-8% iG7 417 am Re Kobipgon 12.3¢ from  T,0.P. YT Y 36

8-86 -89y 3234 N 6. Ecnclinigin /19,97 from T:0,P. Yx2,75

g - 20 - 84 £:a0 pm Ge Ernpslmanay /5¢ 724 fom 7, 0,pP. 4y=2).97 Fleclric Tape (water feve! sodicoiak

3‘2‘1'8‘! 10295 am Ge Ernstmann 1637 from  T,0, f. 431.33

l() -3 —8‘;‘ Q20 am R, '\‘01"'-",'04"- \l'::"_:, - =ip ftrom 7,01/’, 4/3', T E/CC1r'.t 700!

B L

10 ~26 -89 12:95pm G. Ernsdmann /8.38 trom T.0.P. 432.37 Eleclrie Tdfe

i2-17- 8% /2*"7:7,':). G. Evnvlinann oyl from v, 8.p, 932.5 E/t’d"‘lc Tape

3-20-95 220 yu G.Ernslivnn Z.zp from  7.0.P, 43C. )Y cteel Tu,.

Y- 18-85 | =l GefFrnzimesn. | A2:00  qom - Te0ela | H2Y.T72 U

g L /2‘./7rﬂm Cu Eymsti ot [h 4> T. 0. Tt RTLEY

G- 7 - G /1 218 am =, /)ﬂy.a Ta&re )3, ¢ from  T.0.p. Lo e

Q_ g - ¢ < — - . ,;‘_'l\.,\_.;"l'.:'..-! A I'_‘T,—./-,I-' trom Tl -7, ‘-’/(.i.’.r(,’f), (/c://\ 7((/)[’

Jv-15- & SN Wy F o e,y from v, R, IR | fleelrie Tep ¢

N S R A - fi Fero S M L N T 421, Go

from

*Depth to water noted from Ground Surface {G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
080679 Purnx_&&?mﬂ! lorn TS$-G1-2-8
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WESTLAKES |ProerNo. g4 L ov5 - o - 002 [FoleNoc_ &2 rojd HL-2)
Cocation Elev. Ground Surface (G.S.) Lyly Ly P
N E Elev. Top at Pipe (T.0.P.) or Reference Point (RP) 1 > g
Date Started Drilling Hole - Time - Total Depth of Hole Drilling Type
Date Completed Drilling Hole - Time - 2502 -
Date Piezometer Installed _ Time . Total Depth of Flezometer 252 Footage Slgt?do
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks

4 -26-849 11226 am P. MHusTad 70.9 from T,0.P, Y26, 18

5-23-84 7200 am G. Ernstmann /1.3  from T O.p. 925,78

G-27-8% 20251 am R. Robinzon 2,39 ftrom 7, 0.P Y= .2

gd- Y -84 2290 pm Gr ErnsTmana (2,98 from 71,0.P 434,10

8 -20-984 $215pm G. ErnsTrenn 13,725 from 710.AR 423%,33 Eteclrie 7'4'2:5

®-29-84 10: 50 am G, Ernstmann /1%.38 from 1,0.p. 4322.70

10~ 2 -B% F:285 am R. Robinspan l1¢.8% from 71,0, ¥432.5% E/ee‘fm'e Tap €

]O0-26-8% 1290 pm G, Erastmann | 13,50 from T,0.P. 433.58 " .

12 - 19-6% 122491 o G. ErpsTmann 3.3 from T.0.,P. 43% .8 2 "

3-20-85 2:/5,',,\ G, Ernslinann 10,92 from  T,p.e. 42¢. 16 Steel Taze

9-108-gc - G ErnsTmann 1. % from  T,0.p. 435.,Lp

4. 25-85 12225 pn G.Eran<timann 12,0 fom T,0p. 435,08

¢ -7 -85 l1725am S. Poayialakis .29 from T.0.°_ “12£.,18

g-%-¢es5 - S. Paywiakis | 13.9¢ fom  Teo.e. 9432 .22 cloTh Tape

from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns & MDonnell
Engineers-Architects- Consuflants.

Form TS-G'T-2-8




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WESTLA KES Project No. 8<% - 075 - </ - 0072 HoIeNo.S_53 (o/o’ r‘/L -I)
Location Elev. Ground Surface (G.S.)
N E Elev. Top at Pipe {T.O.P.} or Reference Point {R.P.) 449, 00
Date Started Drilling Hole Time - Total Depth of Hole Drilling Type
I 23.7
Date Completed Drilling Hole o Time — Total Depth of Piezometer Footage Slotted
Date Piezometer Installed . Time . 23,7 2.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks

4 26 -8B NIZ2 am P. Hus7ad 17-65 from  T,0.4£ 37,35

§-22-84 | /:05pm G. Erngimann /1.85 tom T, 0.P. <37.15

G- 27-8% 1054 am R. Robrason 11:. 9% ftrom 7,0 927.06

8- 6-8Y4 Z242pm G+ ErnzTwann 13.G2 from 7,0.pP “35.38

B -20-8BYy 5:20pm G, E-nsTniann J%.3 fom T.0.P. 434.7 Eleclric Tape

8 -29-¢e4 1055 am G. E~rnsTmann 1949.,9¢ from T,0.pP. 434,09

jo - 3-84 Ge27am R, Robinson $.09 from T.0,P. 433,97 Electric Tape

Jo -26-84 12:35pm G. ErnsTmann /49410 from  T0,P, 934%. 70 "

12-12-8% 12:37 1o G. Ecnslniann 14,0 °~ ftrom  7,0.p, 43 5,0 v

23 - 30Q. %, ?_-.IO;,,,,, G. Ecnstorann /1.67 from  T.0,p, 9372.33 tape.

“ - 1&-25 rvoon/ Gr Evrnslinann 124 from  7,0.p. 3 .90

4 -25-€5 12221 g G: ErasTotan 12,63 fom 7.0~ 3¢.37

G-7-85 e S. Payiotakic | 12.82 fom 7.0, | 43617

g -¢-§¢ — S. Payialakes /4. %g from 9,0 p. 293, §2 CloTh Tare

from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns & MDonnell
Enginoors~Archiects-Cansultants

Form 1S-G1-2-8

—
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name WESTLAKE. I Project No. B4 - 075 - <1~ 20D Hole No.3‘54 (old 36G )
Location Elev. Ground Surtace {G.S.) “70.0

N E Elev. Top at Pips (T.0.P.) or Reference Point (R.P) 4,/ '~
Date Started Drilling Hole . Time . Total Depth of Hole 40,4 Drilling Type
Date Completed Drilling Hole _ Time _
S P e — — — Total Depth of Piezometer */0,‘/ Footage Slon:agd‘ 0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
4-26-99 | ):44pm | £ Huslad 34,2 fom  T,O.P. 426.8
£-23-8% | /:10pm G. ErnsTmana 34.2 from  T.0.A. 426.8
G277~ 37 11275 a.m &, Koorason 35,95 ftom 7T.0-P. 438,55
6-9 -89 4:15 pm G, Ernstmann 285,78 tom T10.P, 435,25 :
e -20-8Y 4228 pm G: ErnsTmann 364 from T.0.P. 424, 6 Electric Tape (woter level indicalsl)
B-24-84 1315 pm G: Erpstmann 26.9( from T,0.P. Lryy.09
3-27 -4 10275 am G. Ernstmann L7.2% from v, 0.P. 4376
Jo- 3 -28¢% Itz 6Sam R. Robinson 37.19 trom T1,0,P. 33,8/ E/Pc"{r/.c Tape
10-26-24 10:10am G+ ErnsTmann 36120 fom  T,0,p, 43 % 80 s '
J2- 19 -84 148 am G Ernstmann 26+3 ftom 1, 0,P. ©43%.7 o ’
3-20-87 /2 25 pan G. Eengtymonin Ty9.08 from T 9,p. 3G 92 steel Fape
Ly -26 8L T:02 o0 G: Ecnslinan,, 4. 75 from 1.0, P. 236,28
G-7-¥85 1255 poy S, Pay ralakic 24.py from  17,5,p. AT AN YA
B-8-8% -~ S.Payiatakis TG, &R fom  Tio. P, 43Y%. 07 < loTh Tope
from
from

*Depth to water noted from Ground Surface {(G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
080679 Barns & MDonnell Form TS-GT-2-8

hitects- Consuttants



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of

Project Name WESTLAKE Proiect No. 84-075-4-002 Holefoy. 55 (otd 35)
Location Elev. Ground Surtace (G.S.) 497,.9
N E Elev, Top at Pipe (T.O.P.) or Reference Point (R.P.) 475, 1
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
S — %0, 0 —_
Date Completed Drilling Hole —_ rime - Total Depth of Piezometer Footage Slotted
Date Piezometer Installed - Time _ 0.0 3.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
“-~2@-89 | /:4Dpm P HusTad 38,0 ftom T.0.P $432.1
£-23-8% | Y:15pm G. ErnsTiwmann 37.9 from 3 0.P, “37-2
G-~27-9% | 27:204m R. Robin<an 38,02 trom T.O-P 437.08
8- 8 -84 2200 pm G. ErnsTinann 39.88 from T,0,P. 435,85
g -20-84 4:25 pm G. ErasTmann “0,4 from  Te0,P. 43%,7 Etectric Tape
8-29- 8y 10:20am G. ErnsTmann 41,13 from  T,0,p 433,97
10~ 3-8%4 11270 a p R. Robinson H).1$& fom  T.o0,P. 433,95 FlecTric Tape
10 <26 - B4 10:02 am G, ErnsTmanng 70,20 from  T0.p. 439.90 . "
12 ~19-8% (1295 am G - ErnzTuyann 90,2  from T.0.P. YV3iYy. D ‘e '
3 -30-57 122 0p o G. Frostingan 27.83 tom  T.0 p. 437.27 sTeel Tape
4. 0805 55 am G- ErasTmann 8.3 fom o, A 36,47
G-7-85 1750 pom S- Payrotakis | 3,52 fom  T.0.p. 736,52
e-8-8s5 - S, Fay!o-/ﬂ/'@ /4,73 from Te0, p_ 430, 37 et ’r'a'pc
from
trom
from

*Depth to water noted from Ground Surface {G.S.), Top of Pipe (T.O.P.), or Reference Point (R.P.).

080679

Burns & M<Donnell
Engineers-Architects- Consultents

Form 18-GT-2-8

“
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WESTLA KE Project No. 84-076 -4-6 % 1 Hole No. y-_ 56 (o ,d 54,)
Location Elev, Ground Surface {G.S.} 4725, 0
N E Elev, Top at Pipe {T,0.P.) or Reference Point {R.P.) 498.4
Date Started Drilling Hole - Time L Total Depth of Hole Drilling Type
Date Completed Drilling Hole _ Time _ | el
Total Depth of Piezometer Footage Slotted
Date Piezometer Installed . Time . &el. 1 2.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
426 -89 /226 pm | £ Huslad Y1. 945 tom T,.0.P. 436,95
“4.25-8% 8.0 am G+ ErnsTmann 44.5 fom T o.P. ¥346:9
4-2T-%9 17:25 am Re Robinson 41, 67 ftrom  T7,0.P 436473
&-8 -84 2S5 pm G, ErnsTmann 43,34 trom T,0,P 435,06
8-20 -84 3155 mm Gs ErnsTmany /4.0 fdom  T.0.P. 9349 Erectric Tape
e-29 -94 10422 am G+ ErnsTmann Y4,8¢ from T.0.F. 433.54
10 ~3 ~B¢ 11275 am R Robinson Y4,97 from T,0.P. 433,43 Electric Tape
10-~26-84 Fi57am G.Ernstmann 43,94 from 1,0,P. 43%.95 iz o
12 -19-8¢% 11292 am G+ Ecnstriann 9%, 0 from  1,0.P. 439.49 ‘. “
2 -30.98% 1:25 pon G. Frastrionn 91,42 from T, 0,.p. 436 .78 Steel tape
y-26-85 9398 am G+ ErnsTonann 42,17 fom T,0.P. “436.23
6 -7-8s 2195 pm S. Payiotakis | 4z.1g fom  r.0.A. | 436. 22
g-2-25 — S. Pa\/ Fala kg 44,43 from  T.0, £ “+32,.97
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
Burns & MDonnell
Engineers~Architects-Consullants

080679

Form TS-GT-2-8




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WEST LAKE Project No. BU- 075 - <4 - 002 Hole No.r_ £-g Cold .1/0)
Location Elev. Ground Surface {G.S.) 47F.5
N E Elev, Top at Pipe (T.O.P.) or Reference Point (R.P.) ©980.5
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
Date Completed Drilling Hole — Time — «o- o
e : — ': Total Depth of Piezometer %0.0 Footage Sl_gtt'edo
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
< -26~94 1:30pm | £ Hustad %3,5 tom T.0.B 437.0
5-24-94 2:00am G- ErnsTmana “4%5.3 fom 7,0,P. 4372
G-27-8Y 11:35am R: Robinson 43,54 from  T.0. P, 212 K3
8- € -¢e4 2545 pmn GErnsTmann “¢.29 from  71,0,P. Y35, 1
8-20-84 4710 pm G. ErnsTm ann Y615 from T, 0.p. 42%Y%, 38 Electric Tape
- 27-84% 10:30am G, ErneTmann <@ .1 fom T.0,P. 42%. 67 )
[0-3-¢4 /221 am Ri Robynson 497.02 from  7,0.P. 433,98 Eleclric Tape
10 - 26-2% .50 am G Ernstiann 4¢ /00 from  71ip,pP, 43%,50 ‘" .
12 - 19-£9% 11395 am Gr Erncliprann “4¢., 0 from  71,0.P 4 34,5 . ‘e
3 -30-587 1215 pm G: ErnsTmmann 43,59 from  7.,0-P. Y36.92 sleel Jape
G - 25-85 Y0 am G. Ernstoann 4y pyg from 1,0, 8 Y3C. Y6
G -7-85 1:9d pm Se Payyadatis 4Y.13 from  7,0.p. Y3e,87
8-8-8¢ — S - Py ialakis 4o tom Ti0,P. ¥2y.09 Cletn Tape
trom
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns & MDonnell
Enginaars-Architecis-Caoneultants

frorm 18-G1-2-8




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WESTLAKE l Project No. 8a4-076-%-002 l HOeNo. - 5q  (o/d N-2)
Location Elev, Ground Surface (G.S.) 4/44/. 9
N E Elev, Top at Pipe {T.0.P.} or Reference Point (R.P.) < 2y e. ¢7
Date Started Drilling Hole [ Time —— Total Depth of Hole Drilling Type
Date Completed Drilling Hole Time 425
e : — : Total Depth of Piezometer 43.5 Footage S;“}gef 0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks

4-206-29 l:ae pm P. Hustad /2.5% from T.0.P. Y3602

LK -24- 8y 2:20 am Gi ErnsTmang le.7 from Te0-P~ <v35.97

G -27-B% 11:55 am R« Robrncon /2,92 tom T,0,f &g 35,75

8-8-084 235 pm G Ernstmann 29,8 from T,0,P, 433,99

®-20-8% /0°Y8 am G. ErnsTmann /1556 from 7;0:pP. 9433.1)

g&-29-84 2:15pmn G. ErngImaap 15,84 from T,0.P, yx2.2%

g -29-€4 12:15pm G. ErastTmann 1616 from r,o.fP- 432.51

{O0-3 -84 nN:g7am R. Robrason /G.36 from T,0.P- 422, 3 Ltocpe Tape

10-26- 8Y :47am G, Ernstmdnn 15 45 from T1,0.P. 433,22 be "

12-19-8% 11218 am G, ErasTinenn 15:4 from ;0P 433,2 h te

2-2Z0-9¢ 1297 pm G: Ernstaonn 12,00 fom T,0.P. 4345, &7 <teel Tope

4 -5 -5 10:%7 am G. Ernstmann {3,492 from To.p,. 25,0

G- 7-8% 1275 pon, S Pay/av‘me,'g )2.50 from T.C.0, 43517

8-9 -£&% - $rPayiodar£(!.§ (S g7 from  T1.0:P. 432, &0 Cloth ZTupe

12 -13-8¢ — M. Frio 1,43 from  T.0,p. <3 7,2% E/ocTric Tape

5-20-8¢ ~ M, I rio /5,92 from  r,0,p. 432275

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
Burns & MDonnell
Engineers-Architects-Conauftants

080679

Form TS-GT-2-8



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of

Project Name WESTLA KL IProiectNo. B4- 070 - 4-~002 HOIGNO'S‘QO /0’0' s-2)D
Location Elev. Ground Surface (G.S.) _4{, 3.1
N £ Elev, Top at Pipe (T.O.P.) or Reference Point (R.P.) $46.9 20) PR
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
— — 21,0 '
Date Completed Drilling Hole Time
""“ R Total Depth of Piezometer Footage Slotted
Date Piezometer Installed ) Time 21,0
Remarks:
(1) T0P= 996.93 prior to (4/17/25)
C;j TP = 4YC.30 Leﬁ.nnmj (‘r/l7/85)
Date Time By Whom Depth to Water* W.L. Elev. Remarks
4-26G-84% | afternoon| P. HusTed 0. 65 tom T.0.2."V| 43,28
5 -24-64 8:90 am G. ErnsTmann lJo,7 from '770,}’,('\ <3423
G-B7-8¢4 1091 ain Ke RelLinson t2.02 from T:ﬂr"-('\ 43‘/.9’
B-¢-e¥ 2%22 prmm Gt Ernctmann |2.,94 from TaO:P.L,.) 43%,09
8-20-84 | 10:92am| G, EcnsTmann | 13.7%tom T,0.e0) | 433.19
8-29-8¢% 12:02 pm G, EransTmann /4.4 ftrom T:(?:P,()) 432,53
JU-3 - 8% [1-3CGam R. Robinzon 1,70 tom 1,0.p{") | 432,23 EleTrie Tape
10 -2G- 8% 9:490 am G. ErnsTrmann 13.94 from T'O:P—(') 432.98 b °”
' . . X
12 -19-84 212 am &, Ecnstumann |* (3,72 )om  yonl) | 9222 ,ﬂf? ot ‘h.:’i’!"'n pes “;’f,?,“ﬁ, jfoun
3 - 30-95 1237 pm G-EensTmann K 1,79 tom  G.s, 49093 ST”’/ T"CE *{V‘:.',.‘i‘ :.cnrn'f AP
-7 -85 J1:00 am G -EensTmann 1O0.% from T,O:P—(Z) Y35, 90
4 -25--84 10-31 am G, Ernshnann lo. G2 from Tr()'P-Cz) ?35/38
G’ ‘/—85’ Z:SOK‘“ <. IJC\\/'(;-IC*k'.S 12.06 trom Tra,P,(Z) ‘/34.2‘! CIOT‘\ 'Tare
(p ‘7 ~ 8; ] < 31)’)1)) <_; ’ l.)y‘\‘/lu‘?—"_r’“ l‘ ) P 03 from TIU("( z} 1, —36 4 2 7 C '(-", )\ Taf(_
8-¢ -€¢% — <, qu:u'fakc.s lz. 98 from  T.p,p.(2) 423,32 Clelh Tape
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
Barns & MDonnell
Engineers-Architacts-Consuftants

080679

Form IS-G'1-2-8




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WEZTLAKE I Project No. B4~ 075- - 002 HoleNo. - ) (otd S-1)
Location Elev. Ground Surface {G.S.) Yy, o
N E Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.) S5O
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
—— — 21, 5 _
Pate Completed Oriling Rote - e — Total Depth of Piezometer Footage Slotted
Date Piezometer Installed —_ Time o 2h 5
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
4-206-89 afternoon P. Hustad /3.3 from T,0.P- 43¢.87
5-24 -89 B:30am G. Erastmann 12.8 from Lo, P 436.37
G—-27-29 1207 pnm e Robinsen 19+05 trom T.0:R. 4 2¢ .12
&-8-84% St20pm G. EvnsTmany (G .00 from 7T.,0,P, 439,17
@ -20-84 10:28am G ErnsTmadnn /G190 tom T,0.P, ¥4¥33.27
8-29-84 12 200 noon G. ErasTmann 17.56 from T.0,P, 432.¢c1
jo-3- 8% 11:90 aw R. Robrnzon 17,88 from T,0.p. 432,29 Eleciric Tape
10 -26- 29 F:20am G.Ernstimannp 17,00 from T,0,P. 432,17 n ’T'
12-19-84% NLogam Ge ErnsIn,ann 1o, & fom  3,0.P 432y " e
3 -30-95 J2:35 pm o/ Ecastmanny )4, §2_from  T,0.,p, 9¥35.74 Stee/ 7Tape
Y1787 LY po G Evastu-ann 5.1 tom T,0.P. 73¢.07 Fleceic Fape
1/.\.,__:.. - £ 1028 am Cororsiloan g )y, y2 from T.0.¢ 436,75 ’e V.
.- Y- L LG g S SRR N . L.z 1$,7G from  T10.P Y-
¢-7 -85 Q 7o T sayralafas /79.89 from T.0.¥: 935,286 '
g-&- & — Piv o rein g S JCo72 from  Tive R Y32.9¢ <rtot ngl,ﬁ
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns &
Enginers-Arc!

M<Donnell

hitects-Conmstants

Form TS-GT-2-8



!

TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WEsTLAKES Project No, BY-0745-%-0072 HOIBNO'I‘QZ (b/c/ /U"'3)
Location Elev. Ground Surtace (G.S.) ,5/17,4/’ /
N E Elev, Top at Pipe (T.O.P.) or Reference Point (R.P.) << <. 08
Date Started Drilling Hole - Time - Total Depth of Hole Drilling Type
Date Completed Drilling Hole Time 4.0 _
— - Total Depth of Piezometer Footage Slotted
Date Piezometer Installed _ Time L 4.0 70.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks

4Y-26-84% afternoon P- Hustad 8.9 from T.0-p. 937,18

S-24-24 G200 amn G ErnsTmanny 9,%¥ from X 0.P. 426 €8

C-27- 871 12:20pn R Rob ason 9.86 from T,0.F 943G 22

8-10-84 7:35am G ErnsTm ang 11.89 from T,o0,P. “34.19

8-/l6-8% 8:00am G, Erns?tavann 12.9p from T:0.8 433.6¢8

8 -20 -8% Z7:30am G. Eenslinann 12,66 fom ¥,0.P, 433,492

8-21- @9 J1:30am G, Ernstmeann 12,78 trom % 0.p. 923,30

g-28% -8y 102490 am Gt E rpctimans /12,2 from T,0.P. 432,88

g-29-e9 1575 pm Cr,Ernstmaan J2,me from T, 0.p. 432,73

10-3-89 l1:12 pm R: Rulinson 13.8Y from 3 o,p. 932,24 Electric Tape

10-26~ 84 F:12 am Gi Ernstmann 12,95 ftrom  7,0.P. 433 .13 i{ ‘b

12~ 19-8% 10: %% a m G, Fensie ann 127  from 9.8, <33.4 " "

3 ~20.85 VL0 pm Gr Ervielirann 10.04 fom T, 0.p. 4309 " I

4-25- 8% 1220 2, Cr Eraclaiann /0,17 from T,0.°. 928,77 &

G¢-7- &g Tiov an, S Paeailasas /0,32 from  T.op. 425.7¢ “

E-&-¥s —_ < '-")"'.‘/ rate vy s teLr trom T, P “3%2,¢3 < fu7h  Tape

080679

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

Barns & MDonnell
Engineors-Architects- Consultants

Form 1S-GT-2-8




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WEST LAKES lProjectNo. 84 - 075- %-002 Ho!eNo.I_QS /olJ N-‘f)
Location Efev. Ground Surface (G.S.) 438, &
N E Elev, Top at Pipe (T.0.P.) or Reference Point {(R.P.) 4, 80
Date Started Drilling Hole ___ Time __ Total Depth of Hole Drilling Type
Date Completed Drilling Hole - Time _ 260
A Total Depth of Piezometer Footage Stotted
Date Piezometer Installed _ T Time _ 3.0 70.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
G -26-5¢9 12252 ;a0 P. Hus‘l‘ao’ 4.5 " tom T.0.P. <% 7.3
£-249-e4 1100 am G, Ernstmann 50" tom T;0.p 436,09
G~e7- 8% 1372 pp, R: Robincon 5,96 from T.0.P. 43639
©-e-8¢% 1240 pm G, EfnsTmann 7.92 ftrom T.0.P. 4,349,377
8-21- 84 l2=20pm G. ErnsTmann 8,42 from T,0,P. 33,28
8-30 -84 8:55am G. Ernstmann .18 fom T 0.pP, 432.C2
10-3 -84 [1:50 am R:-Robinson .45 from  T.0.P. 422,25 Ele tric Ta'pc
10-26-84 12:08 pm G. Erastoran n .55 from T,0,P. 433,25 » .
t2-19-84 10310 am G Era<lon anp 8. from 7, 9.0°. 4239 r” "
3 ~30-05 245 pm G Ernzfrrann £.33 from T0.P. 436,47 steel tape
Y- 25-BY 11D G:Ernslisuan §,83 from 175 P 438,77 £ ,7,-,} Jap e
G-7-Fsg 8:2Cr m G layialakes ¢.2s from  T.0.P 435155 '
g-8-8s — 5. f)(l;'-r(Td‘l‘.I" 7-7€ from 71 0.8, /23,82 <lor4 70,,'1'
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns &
Engineara-Archit

M<Donnell

ts—-Coneultents

Lorm TS-GT-2-8



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet ___of
Project Name LT LAKES ProjectNo. 86y 575 - 4 - 0O 2. HoIeNo.LQ(e (o/d w-5)
Location Elev. Ground Surface {G.S.) 4 27,7
N E Elev. Top at Pipe (T.0.P.) or Reference Point (RP) 4,4, g0
Date Started Drilling Hole Time - Total Depth of Hole Drilling Type
Date Completed Drilling Hole Time - 2@ 7 '
Total Depth of Piezometer Footage Slotted
Date Piezometer Instalied - Time —_— b, 20,0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
4‘2@'54 d‘FlCrhOOI\ , N“d“‘/ .* from -1" :l\a‘lrt‘eo{dué’; Jri';!"\ A!\niﬁzome‘far
5-249-e4 1215 am G. ErnsTmann 4.9’ tom To.p 426, 9 water 1o didch, s ‘Z‘;’:ﬁf""”d‘ &
G- 27-64 J:10 pm R.Rebinson £, %0 tom T:0.P. Y36
3-¢-84 1245 pm G+ EcasTmann 7.%2 from T:0.pP. 23y, 390
8-—"2'- 2% 12:25pm G Ev:nc, mann e.3¢e from T.9.pP 433,492
8 -30-84% 9:05 am G ErnsTmann Q.05 tom Ti0.P. 432,75
10-3- 84 {55 am R: Robiason 9. 36 from T,0.p, 432,94 Eleclric Tape
10~206- B4 1215 pin G Ernstmann B.Rg from 7r,0,p, 433,55 ‘“ .
f2-19- 84 10215 am G. ErncTmann 8.2 from T.o0,P. 433,06 " !
3-30-85 -~ G- Ernshomang | gey, o fom - - e e 3G e becavic of
Y- 297 — G- Eraslnann from - . o N " "
G-7-85 — S Payialakic from - - 27 of weaice G oo face
Y-% -89 — S Pavialakys T.&% om0 439,17 c i ri tape
5-20-%¢ — M e Y12 fom T, p 432.c8
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.}.
080679

Burns & MDonnell lorm TS-GT-2-8
Engineors-Architocts~ ands
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WE ZTLAKES IProjectNO. OHY-075 ~<1-0072 HOIENO'_FG7 (6/(’ ”‘(O)
Location Elev, Ground Surface (G.S.) 26,5
N E Elev, Top at Pipe {T.0O.P.) or Reference Point (R.P.} <3 9’ o8
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
235, %
Date Completed Drilling Hole Time
Total Depth of Piezometer Footage Slotted
Date Piezometer Installed Time ~ 5,%Y /0, 0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks .
. A L
4 -206-849 after nooa P. HusTed X from — -~ *-r:\:*c;‘:a,’l\i Tebh 15 above
5-29-¢4% 21:30am G. Ernstimann > 3 from —~ - *iﬁ.’i"’*‘% niﬁ- Aiteh s akove
G~ 27 -84 /1229 pm R. Robnson 2.&) from T.0.P. 423G Y7
g- (=7 -b‘l ’:35,’,’ G ErnsTmann J[,GS' from T.0.P. 4’3‘,"’3
8-cl.e4 I2-50pm G, Ernshnann 5.5 from T,0.0. 433.53
8-20-~ 8% 95’0Ah\ G, ErnsTmann Gs22 from T,.0.P, ‘132086
fo- 3-89 hoon R. Robincon G.42 ftom T,02,0. 422,00 Elecly e Tape
(2-19- &4 /0219 am GrErnsin-ann 53 from T.o.p. 923.8 " ’
. P.CL. i o
3 -30 ‘85 -_ G. Ern':/ anl nn ie?enxn.—k -—iom — = i;:z(‘::.i‘z;_.-_c" 1)(:\a_< :scs l- © Ae(ﬂuﬁe t(
T4 — Gt Ernstnann ’e from - n Prezomeler i® Under water .
G- Y-85 — S. PayiaTaks s . fom "~ - ' . ’
B8-¢-8s — s Payrata ks 4 .75 fom y.o.p. 734:32 | cloTh Tepe
from !
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).

080679

Barns & MDonnell
Engineers~Architecis- Consultants

Form TS-GT-2-8



Lo

TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WESTLAKE Project No. &%- 0745 -9-002 hoelo-r- 8 (old n-7)
Location Elev. Ground Surface (G.S.) Y Y0,9 A
N E Elev, Top at Pipe (T.O.P.) or Reference Point {(R.P.) % 2y 8.22
Date Started Drilling Hole . Time . Total Depth of Hole Drilling Type
Date Completed Drilling Hole Time o 3= R
Total Depth of Piezometer Footage Slotted
Date Piezometer Installed . Time o 2.2 10.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
Y2l -8% 12:37m P, Hustad )0.9 ftom T,0.A “v27.92
£ -249 -84 /2 %4Sam G. Evnstmaan 17. £ ftrom T, 0.P. Y26¢.82
G- 27-89Y 1: 30/>n. RrRob.nson le.25 foom T,0.P~ 436 <07
e-e-B4 /297 pm G Evastmana| /¥9.02 tom T.0,p. 434,20
8 -2|- 8¢ G:55 am G. Ern=Tranh /4.9 from  T.0.p. 94933.%2 Elcafn'c 'ra'Pe'
g-30-8% F:20 an G: ErnsTmann 15,70 from T.0.P. 432.62
10 -2 -8% 10207 .. R. Rebinzog /5«84 from  T.0,p “32.498 Ereclric Jape
10 - 26 -89 12200 noon Ge Eractnmasin /14,55 from 1,0,p 422,77 ’ “
12-19-89 10240 am G, Evrnstinaan /4. ¢ from  r,0.P, 9423.7 " o
3-30-35 11:355m Gi Ernslyann /1.17 from  T,0.P. 432,18 " 1"
¥ -25 -85 Ji 2 &% am G Ernslpians [2,29 from T.o,p. %43L.03 "
- -8< /:70 p.., L Payeadakis | )EoLp tom s EVZPY, .
el &2 g;og'm.. P T ri.30 from rid.r. 37,02 ,
d-E- s — - ""'"f/""“!"-"""‘ /Y.y from Tio.o. 4349, 45 cloy 1u£,t_-
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns & MDonnell
Engineers-Architects- Consultants

Lorm 18-G1-2-8
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name  (,EetLAKES I Project No. L4 -7 -4 -002 HoleNo. y_ —> (o/J 39)
Location Elev. Ground Surface (G.S.) G 2.7

N E Elev. Top at Pipe {T.O.P.} or Reference Point (R.P.) 405, %
Date Started Drilling Hole _ Time . Total Depth of Hole Drilling Type
Date Completed Drilling Hole - Time - £0-0
e — — — Total Depth of Piezometers_ o Footage Stotted -,
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks

G -26- 89 2:29pm P. Hustad 26.15 from 7 p,p. 427,25
5 -23 ~99 /200 posn G. ErnsTmann 28.4 from 7;0.P. 4 37.00

G =2T7-8% /338 ,m R, Robrasoy 2860 from T:0.P. 4 3G1?%

8- 8-049 3:15pm G’ Erngtarann 30.22from T,0,P. 435,18 .

2-20- ey /,'/O'fm G- Erngtinann 31,05 from T.0.P 439,35 Eletrie Tepe

8-29-64 10:25am G- Ernstmann 31,81 from Ti0.P. 433.59

1o~ 3-~8¢ 9:900m R, Robinson 3).7€ from T,0.P. 432,%8 Efeclric Tape

10 - 2699 10235 a0 Gre Erndiiiann 21.05 from 1.0.P. #3%.35 .
12-19-84% zog pen G. Ernstivanan 30.¢ from T.0,pP. 9342 " »

3-30-85 N:50 am G.Einctpann 28,58 from  T,0.P. 4936.82 ‘" n

4. 25.85 8 /¥ am Ge ErasTuano z29.2¢1 from  T,0,P, 43619 /" .

G- -&5 2:30pm <, Payialakis 20.10 from  Tro.p. 435,30 . )

G788 q:%2 am S. Payraleiis 2y. 23 from 7.0, 2 4926 -07 . “

o -6~ &y — : < . r’c.ylo‘lak.s ).28 from Yi0.7. 434,12 c{=TA Tepe

from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.}, or Reference Point (R.P.).
080679 :Burns & t?mg}! . Form TS-GT-2-8



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WESTLAKE Project No. 84-075 -<r-0032 Hole No, 1-732 (O/d 39)
Location Elev. Ground Surface {G.S.) Y62, 7
N E Elev. Top at Pipe {T,0.P.) or Reference Point (R.P.) %G Sy
Date Started Drilling Hole ) — Time Total Depth of Hole Drilling Type
Date Completed Drilling Hole _— Time : 50(0
Total Depth of Piezometer Footage Slotted
Date Piezometer Instailed —_ Time - 50,0 2,0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
42684 2:3) pem f. Hustad 26G.l5 trom T 0.P %3655
& -23 -2y 1275 pm G, Ernshnann 26.5 from  7,0.P. 436,2 )
b-27-84% 1340 Re Robinsoa 2G6.67 tom TiO.P 9436.03
e-¢-89 27 pm Gi Erngstmann 28.672 from  T,0.P. 436,78
g-20-e% 2225 GiErnsTinann 29, 6! from  T,0,p. ¥435.79 Eleciric Tepe
8-29-e4% 10:27 am G/Ernstrann 30.13 from T,0.P. 435,27
10 ~3 -89 F: 92 o R.Rob,nson 2Y.97 fom  7,0.P. 435:43 | =jeelric Tape
10-26- 8y 10-38 a;r\ G ErnsTimann 29.20 from  T1,0,.P. 43620 ‘. “r
12 - 19 -84 1220 py, G Ernslinana 29.1  from 7.,0.P 43¢, 3 - '
3- %0-85 11753 an G:.Ernstaann 27,17 fom  Ti0.P. 4328.23 “ “
b5 B8 BL17 am G. ErasTinapnn 27.58 'om  re.p 937.87 = .
G -4 —85 2150 pn S, Peyralakis 28 48 fom  To. p 36,92 .
w7 BZ F:-50 am S - FPay 'efafn 27. 68 fom  T-0.7 437.72 ‘- ‘-
gd-¢ ~6¢ — S Ve, ralakis 29,8 from  Y.g.¢ 585,92 e loTh Tape
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.}, or Reference Point (R.P.}.

080679 Barns & MDonnell Form 1SG1-2-8
Enginsers-Architecis- Consultants




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of

Project Name WE STLAKE
SRy W

I Project No.

&4-075-9-002

Hole No. —7# Q

Location

Elev, Ground Surface {G.S.)

N

Elev, Top at Pipe {T.0.P.} or Reference Point (R.P.}

L4

APProx. ‘/65' r4

Date Started Drilling Hole

Time

Date Completed Drilling Hole

Time

Total Depth of Hole

Drilling Type

Date Piezometer Instalied

Time

Total Depth of Piezometer

Footage Slotted

Remarks:

Date Time

By Whom

Depth to Water*

W.L. Elev.

Remarks

<4 -2 -84 2:36pm

P HusTad

/7,3 from 7,0.p.

$-22-9% 1205, m

Ge ErnsTmoenh

1587 from*ru)n’,

*ha2

hesx7r Poln"f on ﬁ,/n o“(’ T')f‘eol

from

Cre e ms;nj

from

from

from

from

from

from

from

from

from

from

from

from

from

080679

*Depth to water noted from Ground Surface {G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

Burns & MDonnell
Engineers-Archilects~ Commuitants

Form TS-GT-2-8



TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name WESTLAKE Project No. 84-075 -4 -poc Ume Nog.74  (eld 37 )
Location Elev. Ground Surface (G.S.) v5g. 8

N E Elev. Top at Pipe (T.0.P.) or Reference Point (R.P) </ &g G
Date Started Drilling Hole . Time Total Depth of Hole Drilling Type
Date Completed Drilling Hole —: Time _——__ 2é-0
Total Depth of Piezometer Footage Slotted
Date Piezometer Installed _ Time L ' 26.0 =.0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
9-26-84 | 2:03 pm P, Hustad 2).9 tom T.0.L 738.5
5-24-2% /12°30,m G. ErnsTmanan 22.% trom 7.0.P. 4237.5
C—-e7-8% 11200 0m R: Robinzon 22.53tom  T.0:P. $37.37
C-©~89 | 4:05pm G+ Eenstmann €933 from TiO,P. “35, 57
¥-20 -84 Y:¥5 por G. EvnsTinann 25,0 ftrom T.0/P. “434.9 Electric Tape
B-24-6849 | /°05pm G, Ernsimdnn 25,37 fom  T10.P. ©34.53
8-~29-89 10:05 am G Ernclma@nn 2_5‘.‘70 from ' T,0.p. y34,2
j0-3- 94 /6:58am R. Robrn<on 25,83 rom T, 0.P. 439,37 Eleclric Tape
190 -26- 8% 10:22 am G. ErasTmann RY.)5 from Tyo,p. 4 35.7% '
e -19-€9 /1 285 am G, Ern<tivana 29.% from  T1.0,.P. Y35 ¢
2 - 30-8% 1°55 pm <Y Er'\-_;"i'm_an-\ 17:.50 from  T,0, ’_’— g9z steel T:a'ge i
4-/7 -85 - 2 24, M . 43%5.80
4-25 -8 9:07 AM p z2.8¢ 'om ¥ 43702
6-7-83 12:3e PH | S, Payiatatis [ZFo  from 2 #£2.20
2-B-8S - % 2. /8  from . g3 72 | Cloll 7;1
from

*Depth tc; water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).

080679 Burns & MDonnell Form 1S-GT1-2-8
Enginears- Archilects- Coneuitenie




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WEST LAKE ProjectNo. 84— 075~ <~ 002 [HeleNo 5_ ¢ (old 374)
Location Elev. Ground Surface {G.S.) . G 7%,
N E Elev. Top at Pipe (T.0.P.) or Reference Point (R.P) %2>, <
Date Started Drilling Hole Time Total Depth of Hole riltin
Date Completed Drilling Hole : Time — 50’ o o
Date Piezometer Installed _ Time : Total Depth of Piezommer‘f 0.0 Footage s'oned,
Remarks:
Date Time By Whom Depth to Water* - W.L. Elev. Remarks
4 -27-89 | 9:30am | Bill Canney 0.7 trom 72 0.A 4368
§-23 -89 GV:00pm G. ErnsTmanan 40,5 trom T.0,P. 4$372,0
G- 27-89 | /1205 am| R/ Robinson 90,54 tom  7; 0. P- ¥36.76
8-~8- 84 44210 pm G+ EcnsTmann 2.2t from  T.0.P, 435,29 .
g -20-8Y% 4:35;,m G. €rnsltm ann 42,95 trom 740+, 434%.5¢ Eleetric tape
g -24- B4 7:70 pm G. Erastmann ¥3,36from 4 0.p. 434,14
e-29-84 1015 am G. ErnstTmann 43.69 trom T.0.p0. 4332.8)
10-26 -84 10215 am G Erngtm én., 42.80 from v, 9P, %34.70 Llectri« Tape
[(2-19 - 2% /252 am Gy Ernstmann 42+, from T.0.p, 739.9 ’H ';
3-30-95 1:95 pr- G. Ecn<linann 40.92 ‘rom T 0.P.. 436,%8 <Teel Tape
4-25-8S 9:03 AH “ g o.04 o ¢ 43F 46 ’
6-7-8s 2ie0 P | 5. Bywtarss JLFER O s 4355 %/ '
g-2.8% - o #3.24 fom 434, 26 ' Céi@x—'
from
from
from
*Depth to water noted from Ground Surface (G..S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).
080679

Burns & M<Donnall Form TS-GT-2-8
Enginesrs-Architects-Consultanis



TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name W ESTLAK E Project No. 8‘/ -07¢- 4 O 2 Hole No, S . 80
Location Elev. Ground Surface (G.S.) g 8.y
N z2592.79¢ 2 E 2619, 0! 59 Elev. Top at Pipe {T.0O.P.) or Reference Point (R.P.) (,53 ~33
Date Started Drilling Hole ) - _ Time — Total Depth of Hole , Drilling Type
£-z2e-ey c2,0 Sollp AUGENS
Date Completed Drilling Hole A Time
. g-¢9-8% _ Total Depth of Piezometer . Footage Slotted ’,
Date Piezometer Installed g-29- % Time G200 am Z0.0 10,0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
B‘le‘e(l __ G Ernsdenn P /4_/ from G.S, 2> 937 j:‘fx131;d"m:t;fpol Qh(oun.'i'rn\fd
B-29-89 7:00am | G. Ernstmann j2.9° tom G.s, 59048 ;‘j’,’;ﬁj Q‘;'jf,{hj sTanding in hole
829~ 29 9:00a 1 | G- ErnsTniahnn 18.17 trom T.0.P. 435, 24 tmmaeliately oafrer piezomeder
6-29-89 F:30am G Ecaslamang 17. 9 from 7,0.F7 435,98
V-3 -8% - Bis7am R, ROBIw<o 2.6 from  TF.0.P 434,78 Electric Tape
10-26-84 12:50 pm G, Ernstinanng 17.70 from T,0.pP. “436.28 i "
12-19-g4 12255 m | G. Frastmann JY.4  tom T, 0,P. ¥37.0 1 " '
3.30-865 2:30pm G, Ernstrianny it,s0 from Tio.P. 447,88 sTee! lape
g-17-8S - U 99 from % LLZ. 48
£-2S-8S 22:29 A ® £,29 from 2 442,09
6 7-85 | soosx Am| 5 Byodors | 4 Tom x 429.20 atd Tape
| g2 8 = e (S.62 _'rom s £22.76
12:13.85 - . Erio 10,90 ‘™" ¢ 442 45 £ Lo ctric Tape
$5-19-8¢ - e ] 6eé s from Y 436¢.23
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
080679 ‘Bums_& H'-Ponncl! Form 15-G1-2-8
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

R N R B BN IE AN NS B 0D R B O BE B s
LT Y

Sheet of
Project Name WESTLAKE I Project No, BY-07%-4-002Z HoleNo. . gy
Looation Elev. Ground Surface (G.S.) “47, 8
N J/9q. 2728 E  92s, 0145 Elev, Top at Pipe (T.0.P.) or Reference Point {R.P.) 4ep. 82
Date Started Drilling Hole _ )2 _ g Time _ Total Depth of Hole , Drilling Type
Date Completed Drilling Hole {;_ :;— _;’/ Time . els Wash Bokiic
Total Depth of Piezometer Footage Slotted :
Date Piezometer Installed 8-/5-8¢4 Time )00 am 60,0 /5.0"
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks .
©-13 -84 3:30pm | G Ecnslmann [X )37 fom  G.s. X 938 safurafed materiol encounttred
B-15 -€% RO5pm G+ Ernsimann 16163 fom  Tio.p. 24,19 ‘f’,f;;u’rr e prezomtler
B-z20- 8% 4:50pm G- ErnsImann 17.¢° trom T7.0.P- ¥33.22 Ele trie tape
8-21-%9©4% 9:15 am G. Ernstamann 17.¢° from T.0.P. 433,22 ‘{::,:; ﬁ.‘;‘::“::(cpv“(:?i'n’ pregonmcter
e -21-8% 9:37 am G: ErasT/mann 17.75 7 trom T.0.P. 433,07 %‘-?)_'.;i;n‘g" - t,s’t\cua‘hng
B-249 -84 1:25pm G. Erpslmann 16,9 tom T.0,p. ¥33.68 ' ‘
B-29-6% 12:35pm G.Ernctmann /8.2 from T.0-P. Y32.5%
10-26~-8Y 10:250m G, ErnsTamann 17.35 from T,0,P. 433/77 Electric Tape
12-19- 2% 12202pm G, Erashinann 17,3 trom  T,0.0, 433.4 n 4
2 -30-85 2:3Cpen G Ernglinani 14.92 from  T,0.pP, 436,90 steel Tope
4-25- 85 Q0 AM te 188 ™™ . 43494
6:7- 83 2:3561 | S, Boyiatarss 1.3 "™ . 43509 _
£-8- 85 — _— (ZE8 ™ £33./¢4 Clo H Tope.
(2-13. 85 - M. Epo /4.7 from , 426,11 Etechric Tape
$£-19-8¢ - ve /78,12 from o #32,70
from '

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns & MSDonnell
Engineers-Architects- Consultanis

Form TS-GT-2-8
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TECHMCAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name We CTIARE Project No. EY- 075 -4 - 0w Hole No, S -g2
Location Elev. Ground Surface (G.S.) 44T, 7
N 599,580 E /9. 323 Elev, Top at Pipe {T.O.P.) or Reference Point (R.P.} 950.¢9
Date Started Drilling Hole 8-249- 8y Time — Total Depth of Hole 268" Drilling Type A EOKIn G
Date Completed Drilling Hole ) Time
B-27- % - Total Depth of Piezometer . Footage Slotted
Date Piezometer Installed B-27- 89 Time 1545 pm 256,65 10.0"’
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
n'or k 24 saTveat oi Te l Cancoun ’-‘:_'.'.
8§-24-849 - Gi ErnsTmanan and h:lm{: ‘1trom G-S. below %3%° db\rl“; edﬁo;?.o: T'd’ .' ,' ’
g-27-8¢y 1: 95 pm G, ErnsTovana 8,2 from  T,04P. 432,99 ’,’”"‘5”‘19"‘ I“JE”!‘_ afrer pirezomneics
8-z29-8¢4 12°20pm G: ErnsTmann 16,2 from T,0.:8P. 93 2.9Y
[0-3 -8y ' {)220a 4 R ROb;nson ’8,3‘/ from  T20.P. 432,35 Elec‘fr;c Yape
10-26-8% P 4SS am G, ErnsSlmanan 17,8 from T.:0.p 433,18 ', ’,
Ia—’7-8" /I"l7 A Gv Erns"n)qnq ’715 from 7}0,P_ 433-2 rs 7
3 -30+89 1299 pm G, Ernctiiann 1Si0p tom r,0.P, 9435, 69 sTec’ 74/JC
- [4
G-12 -8 S — o (S ag TOM v 235 .69
| 4-25-Rs 10:37 _an o /5. 4¢ fom . 435, 23
§-2- s 12:4S PH Sfa;aaézm:_____z.ss.é from /7 435 /3
8 8 8s -— -4 ¢Zs3 from . 433 )4 C/s/‘hﬂ Zn;oet
/':-20-86 - M, Erio /8,00 from ~ ©32.69
N1z g2-ps = - 1$. 40 from ! 436.29
from
from
. from
*Depth go water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.}, or Reference Point (R.P.).
080679 Pums_ &mlg?onnol! Form 1S-G'1-2-8
A

e
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name 1 L KE l Project No. ey- O e . . - 002 Hole NO'D' e
Location Elev. Ground Surface {G.S.} Yyy, &
N 1 7%2,7093 E 1219, 6580 Elev, Top at Pipe (T.0.P.} or Reference Point (R.P.) Y447 ¢2
Date Started Dritling Hole 6-1 e -8y Time — Total Depth of Hole Drilling Type
— . 5,3’ WASH BRORING
Date Completed Drilling Hole -20-8 Time —_
8 -84y Total Depth of Piezometer Footage Slotted
Date Piezometer Installed g-21-8y Time 2: OS'Jonl 97.0 ’ 20.0’
Remarks:
_ Date Time By Whom Depth to Water* W.L. Elev. Remarlfs '
B-16-8Y — G. EensTmann /0.7 from G.S. 427 4 S:‘,‘t;‘,’,‘*ﬁ"l;:’?‘.ﬁ?fff”“’ encovaiered
7 J - .
8-2(-8¢ 2:05 pm G. Ernstmann /9:50' from  750.P. 433,12 f{:*;'_rrr:’ﬁ'_n‘:en’y ofrer )mflon'f’“f
yust ' + .
g-27-829 10:90om G, ErnsTmann /‘/08‘1, from T 6. 2. ¥32.78 \1)\_‘:;145!:::‘;‘:: +:u$1\v2§;n°.umhxdenr .
Ly T
8-27- 24 1 t7am G Ernstmann 15,0 fom  Ti0.p. 432,02 i/hm;nuT¢: :i;:a_r' Rvacuating
&-29-¢4 /:05’,,". Gi Ernslmann }]S.0%’ from T:0.P. 432,58 .
10 - 3-84 12/0pm R:Robrason ($,39 from 7.0.p. %32.22 |ctectric Tape
.
10-26-8% G:10am G- Ernslmann /4. 55 ftrom  T,0.P. 433,07 ’ %
]2 -19-€% 10:97am G, Ernstmann ’9.% from  T,0.P. ¥33.2 . te
3-30-85 12400 rpon G- Ernstaenn 11 %6 from 7:0-7, $36.1¢ ’e 'y
: - d _ — v
25— 10:SR A x yu8s "M . 42s. 79
£-1-8= Gosar | S Depvhess | szig "M 435,48 .
£-8- 85 — p 408 'om . £33 44 LK Tope
[2-12-8S - M. E pin to.56 ‘rom £37. 06 E/«A—;L'fafe
s-/9-86 - " /5,08 from Y¥32,5%
from
i
from '

*Depth to water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.}, or Reference Point (R.P.).
080679 _ Burns & MDonnell Form TS-GT-2-8

Architects- Consultents



TECHNICAL SERVICES

L

GEOTECHNICAL DEPARTMENT Observed Water Level Readings sheet ___of _ 2
Project Name Vi e Ak E Project No. CY-075 -2 OO 2 Hole No.S . 8</
Location Elev. Ground Surface (G.S.) 52,9
N 290, 0038 E 1998.2729 Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.) $5¢ .72
Date Started Drilling Hole CB-2Y4- 89 Time —_ Total Depth of Hole 3 , Drilling Type SoLID AucERS
Date Completed Drilling Hole 8-24-8Y ~ Time — T D o P e v—s o :
Date Piezometer Installed @-24-gy Time 12520 ¢ m 209’ 10,0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
¢ - 2 -4 — | G: Ernstmaan 13" ro20"mm_Gus, S p o uraled Zoder
€-29-29 - 6. Evnstin ann 26°  fom 6.S. 437" spiurated materlal below” <o’
g-24 - %9 Iei20pm | G. Ernstmann 23,7 ' from T,0.P. “433.2%2 é’::;:g'fj_ﬂﬂy adrcr prewometer
8-t7- &4 7t1sam | G. Ecnstmann 23.9) from 7,0.P. ¥33.0) _ ‘
B-27 -8y G220 am G.EcnsTmann 23.%92 from Y. O0,P. “3 3.00 :,"“f prior .T,f’, evac",‘,.‘dm, !
&-27-€4 Z15 pm G. Ernstmann 2,98 from T 0,P. Y32, 9% "a&‘:;au:ng:::zrn:‘—frg‘; Afpir PUaCvoTi
e-30-¢9y F:16 ;m G: Erazimanas 2% .2¢ from T.0,pP. 432,67 '
lo-3-¢¢ 10:05 am R, Robinzon 2Y, 22 from T0.F “432.60 | Erecleic Tape
10-26- €Y /¢t 256 anm G, Ernsimanny 23,20 from T,0.P. “433:72 ', “
12- 19-24 70:35 am G. €Erntivara 23,7 from T.0.P. %33 6 7 ‘o
3 -30-8°7 1:22am G, EcnsTmany 20.33 from T,0,P 436,59 ’ *
4-25-8% 12its aH v zo.gy "M P 436,09

§-4- 8S [2:3q PM | 19 faes 22.25 from . 434, £7

&-F- 85 gico At 9 216 M o 435, 24

&-8-85 - o 22.96 'rom . 433. 96 cltt Tape

/2-13-8S - 2 Eris (285 '°m . £37.07 Elochric Tape_ _
*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point {R.P.).

080679 :

Barns & MDonnell Form 18-G1-2-8
Engineers-Architocts- Consutiands
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet <. _of _C.

Project Name e ST LAKE ProjectNo. 34— 3wt o2 = DA HoleNo. o - g¢

L ocation Elev. Ground Surface {G.S.) See <A~ ot )

E Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.) e .. ?

<o sheed ]
Date Started Drilling Hole

” Time Total Depth of Hole Drilling Type

[ A\ld e

Date Completed Drilling Hole .- " .. Time

Total Depth of Piezometer Footage Slotted
Date Piezometer Installed ,. . Time . - ¢ . .. .

Remarks:

Date Time By Whom Depth to Water*® W.L. Elev. Remarks

s-20-86 - m. Erjg 2%4.19 tom 1, 0.7. | #32,73

from

from

from

from

from

from

from

from

from

from

" from

from

from

from

from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
0R0679 Burns & Monnell Form TS-GT-2-8

Fropsemes -Sechliee o Corseriants s



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WESTLAKE | Prolect No QU-07c-4-002 HoleNo-p. g5
Location Elev, Ground Surface {G.S.) <53,
N 390.5%74 E 198¢. 8530 Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.) 457, 1§
Date Started Drilling Hole . Time Total Depth of Hole R Drilling Type
Date Completed Drilling Hole ©-2l-84 Time : 8.1 wash Bokive
€-22-84 Total Depth of Piezometer Footage Slotted
Date Piezometer Installed ®-29-84 Time  1pzg0 anm ©2,0 20.0"
Remarks:
Date Time By Whom Depth to Water* W.L. Elev.. Remarks
B-e2-84 7320 am G. Ernstmann Tﬁpl):;xz's, from g.s. :laut-‘: ::fea’l. -Iﬁ'\:j.f real sncovatered
B-24- 89 10700 am G. Ernsimann | 20.05 fom  r1,0,p. 437,10 f:‘;&,‘;ﬁﬁ}’f‘nﬂj’ﬂ" prUEdreeter
8-27- 84 7218 &m GrErnsTmann 29,09 from T,0,pP. 433.0¢@
g-27 -84 7240 am G. Ernsla ann 2% 12 from ,0,pP, 433,03 ‘L,"es;a:;i:: :l:”\e ‘::cwa.hﬂj_
E-27-&4 2:20pm G, ErnsTmann 24,21 from T.0,P. 9432.9% 'aéou"r 4Y2 hes.  afrer -
g-30-¢9 G215 am Gi Eva<lagann 24.50 from v1,0,pP. 432,65
10- 2 - &4 10:07 anm R/ Kobin<on 24,54 ftom  T.0.P2 432,61 |Efeclric Tape
10-26-8Y% 11:55 am GrErnstmann 23,38 from T:0-P, 433,80 ‘e 0'.
12-19- 29 )J0:-327 an, G ErnTonann T3, from T.oP. 22, # "
Z-27-87 11:20am G.Erneliie:., 20. ¢ trom  T.0,p2- 136,57 " "
L-25 -8 - P ] 2/ o 'rom ” «L36 o ’
6-¢- 85 2258 FPMm S. /%Iwa_/_amx z2.48 'rom ” 34 6%
£-7 -85 Froo AH y 2/. 23 from . 235,92
£-82-83 — [ 23.22 'rom P ¢33. 93 chH ﬂ/@
12-11-8S - M. Ero 20.20 'rom ¢z 426.9% E fecftre 7¢/n,pe
$-20-g6 o~ ‘9 LY. Y0 from ' 432,78

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
Burns & MDonnell
Enginsers-Archilects-Consullants

080679

Form 18-GT-2-8
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet / of Q

Project Name WESTULAKE Project No. gY- 074-% - 002 HoleNop. g7
‘| Location Etev. Ground Surface {G.S.) “4¢0,0
rd
N /1% .95 E 903, G487 Elev. Top at Pipe (T.0.P.) or Reference Point (R.P.) 96¢2,0%
Date Started Drilling Hole - Time Total Depth of Hole Drilling Type
8-9- 8% — .
— - 177, 7 WASH BorRiiG
Date Completed Drilling Hole g-10- 8y Time -
Total Depth of Piezometer Footage Slotted
Date Piezometer Installed &-10 -89 Time —_— 1.0’ 20,0’
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks .
_ . SaTurate material encountered
8—9-84% G, Efrnstmann c7 from G.S. bwring ‘ r\'ll,’q% ’ coun
8 -10-84 -_ G+ ErnsTmann 4.4 from T7,0.p. 450,59 ":\”S"T‘iﬂm':"nt\/): after prezomeler
8~ 14-849 eri5am G ErnsTmann 2.6.:05° from T,0.P. 432¢.9?
g-20-8¢% 12259 pm 6. Ernslmann 29.925 “from  T.0.p. %33.29
g-23 -84 7230 pm G, Ernstmann 20.0° from T,0.P. 433,04 before turging well,
Mo Tt '? q y
g-23 .29 3230 pm G. Efnstmonn 30.3° fom T,0.P. | Y32.7% {fl'j’,,-h;‘n,;‘w",-,,*‘,’ surgeng en
. T -
-27-29 10215 am G: ErnsTarann 29,29 fom T.0.P. 433.74 ;;Ji':v;am;;—:,'— .t.,rhezv:,;;fix'?, d_Air -
g-271-84 10232 am G- Eragimann 30,8 " tom To.p 432.5% Z.‘:—Z:Zgghﬁfur svacvading The
5 ete
9-29-8‘1 11’15 anm G Erﬂ;"n\q"ll\ 3‘)"76 from Ti0.P, "32'58
[o-2 - 8% G250 am R. Robincan 30.41 from  7,7,p. ¥32.43 Fleeleve Jagpe
10-2(~-8% 109% am Ge Eracloians 29,75 from  T.0.P 423,29 L i
12-17-¢4% 10243 am G, ErncTnianp 2.9.6 from 5 0.p. 433.% " "
2-320-92% 11239 am G.ErnstTmann 27,069 'om T.0.p. 435.9%5 - '
. . 7 L4
425-85 | g8 20 Am v 2zsp fom o, £33, 54 -
6-4- 85 /20 PH < @;Qlam:r 28 24 from . 434L 3o
é-7-8% £35 PH . 2788 fom 43, /6
*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.}), or Reference Point (R.P.).
080679 ‘Bu"“ &N!‘?mﬂ! Form TS-GT-2-8



TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet _"2._of _.
Project Name wE<STLA &EC Project No. 9 Yy . 0—/5- N ;, -—00 2 Hole No, D -¢7
| Location Elev. Ground Surface (G.S.) See Sheet )
N See <heet | E Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.) Ve
Date Started Drilling Hole " Time ) Total Depth of Hole . Drilling Type
Date Completed Drilling Hole o Time
M4 Total Depth of Piezometer Footage Slotted
° | Date Piezometer Installed " Time ‘o, " ‘-
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
£-2 89 — o 2928 "om 438, 2¢ Lot Taps.
12-/1- 8BS _ - M. Eria 26.25 om " 436,54 Electrc Tape
$5-2-86 - » 27, 78 ftrom > ¥35.29
' ' T from o
from
from
from
from
from
trom
trom
trom
from
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.}.

080679

Burns & M<Donnell
Enginecra-Architacts- Consuttants

Form TS-GT-2-8

“




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet 1 of 2

Barns & MDonnell
Engineers-Architects~Consultants.

Project Name ¥ ECTLAKE Project No. Sl DT -t =002 Hole No, S.e8
Location Elev, Ground Surface (G.S.) Y00
N €95, 0% ] E 209. 2379 Elev. Top at Pipe (T.0,P.} or Reference Point (R.P.) 46¢2.72
Date Started Drilling Hole B-15 .g¢ Time - Total Depth of Hole 4. Drilling Type WasH RORI MG
Date Completed Drilling Hole E-16-2yY Time - Total Depth of Piezometer , Footage Slotted
Date Piezometer installed 8-16 ~0Y Time 11200 a n Y0.0 10,0
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks . )
8- 15-8% _ Ce ErmsTmann 18° ro 24 from 6. S, saJr.::hi,. 5"::(:1'»- CACOUNTO red
o -Is-e9y G ErnsTmann 24’ from  G.S. 429/ iﬁ:.“::*' ﬁ:tcrlzllfxnco:ﬁte.wd’
g-16-89 11200 am G E rASTMmdAnn 29.3° from T.0.P. 432,43 L’;';ﬁi’mn _‘?'p"' prezometer
g -20-8%4 1200 pm G- EcasTmann 2a9.50° from  7,0,p. 433,23 Elecioic Jepe
B-21-89 g:38am | G. Ern<lm gun 29.4%° fom T,0,P. ¥33,27 |Iust *‘f-g;'f"f;;f‘;’f‘j'”ﬂ prezometer
g -2 -&4 F:01 am G. ErnsTmann 29,8 ' fom  T.0,p. 432,93 /,,'{51::,2{1‘, afier QVGCMQ"'HJ
€-24-84 230 prm ¢+ Ernsimana 29,90 from T,0.A. 432,83 |
e-29-84 {1:10am G Ernstmeann 20,20 from T.0.pP. %#32,52
[0-3- & (0295 am R. Robinson 20,39 tom T.0.P. 432,29 Electric Tape.
lo-26-89 10290 a m G Ernclimann 29.s0 from ¥,0,p 423,23 " ”
12-/9- 8% 12:71 pm G, FrasTa.ann 2. % from T, 0.p. 473.3 n o
2-30-85 11:45 am Gr Frndpainn 27.00 fom  T,0.P, 435,37 1, v
4-25-Rs K25 AM o 5 27 .s» M ¢ 232, 27
6- 4- BS 2ito PH | < Fayiataess 288 " 4 £53.92
&t 8BS 7 B s o 22.3 ' P 435.02
. 885 ~ p 2965 o, 43308 | M Tope _
*Depth to water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).
080679

Form TS-GT-2-8




TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet = __of &

Project Name W STUR k [ Project No. 8 l/ _ O 7$~ -~ ~ 00 7 Hole No,

S- 8¢

Sece SleeT !
See Sheet l E Elev. Top at Pipe (T.0.P.} or Reference Point {R.P.)

Date Started Drilling Hole

Location Elev. Ground Surface (G.S.)

N

. Time L Total Depth of Hole Drilling Type

Date Completed Drilling Hole e Time

Total Depth of Piezometer ’e Footage Slotted
Date Piezometer Installed ', Time ’ "o

Remarks:

Date Time By Whom Depth to Water* W.L. Elev. Remarks

2=~ 85 - m, Erl‘o 2l 4B from T.0.f. 1,30,25' Elec'fr,“ Tetp e
£-20-8C - . 29,99 tom " 432 .94 . !

from

from

from

from

from

from

from

from

from

from

from

from

from

from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).
080679 : EBmm_ &mﬁ?&ﬂﬂ.‘ Form TS-GT-2-8

‘
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TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

’

Observed Water Level Readings Sheet of
Project Name WEST LAKE P’roiect No. SY-0TL Y- O Hole No, p-Qg
Location Elev. Ground Surface (G.S.) G5, |
N 1790.551% E 02, G0 Elev, Top at Pipe (T,0.P.} or Reference Point (R.P.} $57,70
Date Started Drilling Hole g-27-8% Time —_ Total Depth of Hole 5“7’ 0 . Drilling Type
’ < iy
Date Completed Drilling Hole ©-208- 97 Time WASHK LDRING
- Total Depth of Piezometer , Footage Slotted
Date Piezometer Installed g-2 e-84 Time (230 pm 6’ 9, o 1€,0 ,
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
’ . The Turet zon
g-27-84 - G, ErnsTmann 75" ro 20fom  G.S. g:\vclo-a.wi:n-{slufv: '\:J r~°. ﬁ:‘} .
B-27- 84 - G Ecaslmann | 21’ tom  G.S. "“L-:‘-'v:_’-,:tt TR T P
g- 29-84 1:20pm G- EfnsTmann 22.3° fom T;0.8 434.8 immedintely, Srer prezomeles
-+ ¥+
8-29-8Y /0220 am Gs Ernsimenn 29.50 from T.0,P. 432,60 ;{“:f prier - Jo €vacuating B
g-29-84 /1295 am G. Ecastoann 24.46 & from  T.0.P. ¥32.95 ?i.,m;.?:},z’,,),?fgﬁ evacunating
10-3-8¢% Y:33 am R. Robiason 2Y, 73 fom  T,0.p 432.27 Electerc Tape
/0-1‘9-8‘/ ,Z:’q P"\ G' E"'\‘,"'\n_an" 23: (95' from T’o:Pc ‘/3?,"{ ’H ),
12-19-29¢ /2530 pw Gs FrnaTm gnn 23,4 from 70,4 732,85 " be
3 -30-85 2:00, m G. Ern<lpapn 27,2 fom  T1,0.P. 4¥35.85 sice/ Tapc
4-25- gs 2:3%5 AM s 2223 '™ < 43€ 97
6-4- Zx LS PHl S Bygladar 22,95 fom 2341
6-2 -8% fo:08 B . 22.a 'rom . £33, 09 '
B-8-85 - i 2410 from P £33.00 C/,M 7;,2@
/2-13-8S — A Erio 207" 4 436.03 Elechriy Tape
5’l9°86 —_— ” 24,79 from ¢ ‘932,9‘
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679 Burns & MDonnell Form TS-GT-2-8
Enginsers-Archiiacts- Cormatants



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of

Project Name Wl AKE Project No. 4~ 0T 2 DO2 Hole No, Ear7i C—'v(y #8
Location Eorth C‘*)’ , weet of the "1'\&{\' I Elev. Ground Surface (G.S.)
N E Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.)

Y41,87

— Total Depth of Hole Drilling Type

Date Started Drilling Hole . — Time

Date Completed Driiling Hole Time —_—

Total Depth of Piezometer Footage Slotted
Date Piezometer Installed Time

Remarks:

Date Time By Whom Depth to Water* W.L. Elev. _ Remarks
8-320-84 (2-30pm G: Ern<dinann 8,7 fom 7,0,P 933.17

from

from

from

from

from

from

from

from

from

from

from

from

from

from

from

_ *Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.O.P.), or Reference Point (R.P.).
i 080679 P(lll'll & H?mﬂ! lorm TS-G1-2-8

*



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings Sheet of
Project Name WESTLA Kt _[ Project No, By-o 7 - ¢ 0z Hole No. £a I‘TA Cﬂ‘y 2 7
Location  p o 4l City, yrect of 7he IOnA‘P.II Elev, Ground Surface (G.S.) app rox. 43¢
N E Elev. Top at Pipe {T.0.P.) or Reference Point (R.P.) 9 4//'65'
Date Started Drilling Hole - Time - Total Depth of Hole Drilling Type
Date Completed Drilling Hole — Time — — —
Total Depth of Piezometer Footage Slotted
Date Piezometer Installed — Time _ — —_—
Remarks:
Date Time By Whom Depth to Water* W.L. Efev. Remarks
10-26—8Y 1:20pm G: Frast iann 7.4 trom T,0.0 439, 495
Je-19-8¢ 11:22am G+ Ernstmann 7,7  from  r,0,P. H434.2
from
from
from
from
from
from
from
from
from
from
from
from
from
from

- *Depth to water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).
080679 £ch'n At Ig‘l_)mﬂ! Form TS-GT-2-8



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of

Project Name WESTL ‘\KE

Project No.

84- 075 -4-0072

Hole No,

EJIQA C:7{y W 2

Location

EQV‘T"\ ley / ‘U?S—' Op 1o Iand'f 'f"n ”

Elev. Ground Surface {G.S.)

N

E

Elev, Top at Pipe {T,0O.P,) or Reference Point (R.P.) 9901 5?

Date Started Drilling Hole

Time

Date Completed Drilling Hole

Time

Total Depth of Hole

Drilling Type

Date Piezometer Installed

Time

Total Depth of Piezometer

Footage Slotted

Remarks:

Date Time

By Whom

Depth to Water*

W.L. Elev.

Remarks

8’30—87 IIOOP"\

G, Ernstmann

7.7 from 7-0. A~

432,89

from

from

from

from

from

from

from

from

from

from

from

trom

from

from

from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Barns & MDonnell
Enginsors~Architects- Consultants

Form TS-G1-2-8

e
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT :
Observed Water Level Readings Sheet of
Proj N, ; Proj X -~
roject Name WESTLAKE ] roject No ey- 075 - ¥-002 Hole No, SMP-63
Location Ponded surface water north of si1e, souwth wesl | Elev. Ground Surface (G.S.)
e Charles $20ck fund
N - E — Elev, Top at Pipe (T.0.P.) or Reference Point (R.P.)
Date Started Drilling Hole /V’A Time . Total Depth of Hole Drilling Type
L N4, Y
Date Completed Drilling Hole Time -
A/ -4 . Total Depth of Piezometer Footage Slotted
Date Piezometer Installed N.A. Time — A A, voh.
Remarks:

Reference  poraT 1o a  rod located /4 The porndsd waler hyr 7k of 74 e 5’|1e

/n The dAh south west of S5t. Chorles cved. The r m hepemenfs o
0.1 feot and  sTarTs Aw-yl\ 00 aTf, The Lu;’,b:l aﬁﬁcﬁnaﬁbé ap, roxua?a‘lcg' la‘iﬁﬁl a{fn The Tffor 4

The "oy of the rod s under  waler during mest T The PG and Cdly -
Summer.

Date Time By Whom m’ﬁater’ W.L. Elev. Remarks
lo-15 - 8% /22 /5pm 8,11 Canney Jo,21 from L. p.
10 -26-B% F./Sam G, Ernslmany /.05 fom R, p.
12-17- 8% (0253 am G, Epnstnann | M. 9  tom  g.P,
3-30-¢&4 - G. Ernclmann % from -_ * Ifi-ﬁmnﬁ rod s 5ubmcrj ecl

PDI Cd waler .

from

from

from

from

from

from

from

from

from

from

from

from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).
080679 Burns & MDonnell Form TS-GT-2-8

Engineers-Architects- Coneultants



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of

Project Name WESTLAKE

Project No. B4-0FS -4-004

Hole No, D‘ 90

Location

Elev. Ground Surface {G.S.)

N

Elev, Top at Pipe {T.0.P.) or Reference Point (R.P.} 4sD. 6 o

Date Started Drilling Hole

&-6-8s

Time

Date Completed Drilling Hole

Time

Total Depth of Hole

4]0’

Drilling Type

g-7-¢s
£-§-85

Date Piezometer Installed

Time

P: 8§D AM

Total Depth of Piezometer

470’

S’/I'/Az{)ﬁr dZZ(Qrz a.kJA

otage Slotted

0’

Remarks:

Date Time

By Whom

Depth to Water*

W.L. Elev.

Remarks

Aﬂ 2 s’l‘a

73.87 " zo B

4

/5,38 from n

£36.73 | Electric lape

435,22

from

from

from

from

from

from

from

from

from

from

from

from

from

from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe {T.0.P.), or Reference Point (R.P.).

080679

Baurns & MDonnell
Enginesry-Architects- Conmtiante

Form TS-GT-2-8
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TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name WESTLAKE [ Project No, 84-o07s- J-cod Hole No, D- 9,
Location Elev, Ground Surface (G.S.)

N E Elev. Top at Pipe (T.O.P.) or Reference Point (R.P.). 253.37
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
Date Completed Drilling Hole 8_5.35 Time 4So 50 /.'J Al;’er
& "..‘.'” Total Depth of Piezometer Footage Slotted -
Date Piezometer Installed &. (-85 Time Froo Is.0 /0
Remarks:

Date Time By Whom Depth to Water* W.L. Elev. Remarks
12-/3. 85 = 9. Erso (.42 ™" 7 o.P 437.95 Elactric Tope
5-11- 86 -~ ‘- /77.29 from v %3%-08

from
from
from
from
from
from
from
from
from
from
from
from
from
from

*Depth to water noted from Ground Surface {(G.S.), Top of Pipe (T.O.P.), or Reference Point (R.P.).
080679 !Bams & ngw:‘!! Form TS-GT-2-8



TECHNICAL SERVICES
GEOTECHNICAL DEPARTMENT

Observed Water Level Readings

Sheet of
Project Name WESTLALE Project No. o4 2 _ 4 ao2 HoleNo. s o5
Location Elev. Ground Surface {G.S.) X LIS &
N E Elev. Top at Pipe (T,O.P.} or Reference Point (R.P.) 47s.37
Date Started Drilli@ Hole -9 -8 Time Total Depth of Hole 143-6 Drilling Type
Date Completed Drilling Hole 2-1-§S Time e P —— e —
Date Piezometer Installed 4 u-8s Time MS.0 20’
Remarks:
Date Time By Whom Depth to Water* W.L. Elev. Remarks
£- (7-8% 1S Al G Ersilawany | 329 "™ 7F.0.pP 43642
4.22- 85 (0:30 AM 1 f0.2 'om P £35,1F
¢-23. &= 3:30 P u 393 fom £36.0%
4-24-85 Zooo AM) o o5 from ” #5487
£ 2o por £:30_AM 2 4o.04 'rom " 43533 | ﬁ,_én‘_‘@g
§-4-8s Y. :ﬁo_zu__.s._szgAgk sy oM, 22420
{-2.8s Z:40 AM s 22 06 from P 437, 31
&-8-8S - v 42.08 """ “ 438,29 Cle // 7?&
12-12- 85 - /. Erio g8.ss™ 43662 Eﬁac_@g; '
S~7-8¢ - o 42+40 from ae ¥32.97
fram
from
from
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.).

080679

Burns & MDonnell
Enginesrs-Architects—Caonsultents

I'orm TS-GT-2-8




TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings " Sheet of
Project Name WEST LAKE | Project No, 84-075-4-co2z HoleNo. 1 g3
Location Elev, Ground Surface (G.S.) ~ ¢ 78

N 3 Elev, Top at Pipe (T.O.P.) or Reference Point (R.P.) £5S0.7
Date Started Drilling Hole Time Total Depth of Hole Drilling Type
Date Completed Drilling Hole i.i:_::_ Time ' 179.2 Wash pore
Date Piezometer Installed - } Time . 20 P Total Depth of Piezometer na’ Footage Slotted zo’
Remarks: 4;/&87 '
Date Time By Whom Depth to Water* W.L. Elev. Remarks
£-22. 85 (0:30 AH| G. Erestamang /5.3 " TOP | 485.9
-24 - T AM 9 (s T o £35.2
4-25-8% - o (5. 46 T " 235.29 £l tric Tape
£-7-8% Lice Pr| s, P.;th_-w': 158/ M 2¥5.19
| £-8-8s - ¢ /7.0 _ from o £33.20 ch #{ 7;,3_
-12- - 2. _Erie M29 ™™ . 24369 Elechre Tape
$-20-8¢ - .. 17.9% from v ¥32.76_ '
from
from
from
from
from
from
from
from
from

" *Depth to water noted from Ground Surface (G.S.), Top of Pipe (7.0.P.), or Reference Point (R.P.).
080679 Burns & M<Donnell Form TS-GT-2-8



TECHNICAL SERVICES

GEOTECHNICAL DEPARTMENT Observed Water Level Readings Sheet of
Project Name WESTLALE Project No, 84— OFS. 4—002 Hole No, D- 94
Location Elev. Ground Surface (G.S.) >~ £38.5

N E Elev. Top at Pipe {T.O.P.} or Reference Point (R.P) 242 {8
Date Started Drilling Hole 2-/R- Time Total Depth of Hole Drilling Type
Date Completed Drilling Hole :_ ;.: Time : o1 M'{"“"‘?}?
Total Depth of Piezometer Footage Slotted
Date Piezometer installed 4-24-85 Time .90 Pr) 10&.0 20’
Remarks:
Date Time By Whom Depth to Water* - W.L. Elev. Remarks
{-25-8x u:oBAm| & Ermilauanny 729 "™ To.RP £35.39 Elechrc Tape
| 6-4. 85 tso PH| S Bayioders | 788 " . 47%.80
6-1- 85 _2yS AM P 698 _fom _ 435.30
£-8-8s - v 825  from « £33.93 clold 7a
12-12- B - ., Erio S5 from Vi 437,43 £ fecfoic Zq,ee .
5-20-3¢ - o 0. 70  from “ 43i.76
from
from
from
from
from
from
from
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.}, or Reference Point {(R.P.).
080679 EBums & H'-'Donncl! Form TS-GT-2-8
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TECHNICAL SERVICES

CEOTECHHNICAL DEFARTMENT Observed Water Level Readings ' Sheet of
Project Name et/ ax & I ProjectNo. o mre f-002 HoleNo. 15 9o
Location Elev. Ground Surface (G.8) . _g <0
N E Elev. Top at Pipe (T.O.P.) or Reference Point (RP)  goe 5 &g
Date Started Drilling Hole #£-22-8% Time Total Depth of Hole /6“ ;/,Sogtn;o?p? m:[ -A,ﬂ,@
Date Completed Drilling Hole 4-2¢4-85 Time Total Depth of Piezometer Footage Slotted -
Date Piezometer Installed 4-24-85 Time 300 Pr1 /olo 29
Remarks:
Date Time By Whom Depth to Water* W.L. Elev, Remarks
2-25-85 | /200 PH| G Ermsheisny | thps "™ T.0f2 436,39 | Efectric Tape .
6:-2 - &= 10°35 Ar)| S Payataes 1Toz oM 4 436.97
£-R-AS — % 190y  from 7 43%.08 clo /ape
12-12- 8BS —_ M) Erie S.3s from ” £37.74% Efectr '7572?_L
£-2/1-86 - - 20.%6  from » 43263
from
from
from
from
from
from
from
from
from
from
from

*Depth to water noted from Ground Surface (G.S.), Top of Pipe (T.0.P.), or Reference Point (R.P.}.
080679 ‘ Burns & McDonnell Form TS-GT-2-8
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APPENDIX D

LABORATORY TEST DATA ON
SOIL ENGINEERING PROPERTIES



Boring ~ Depth
D-81 50.0 to 50.6
D-83 73.5 to 97.0
D-83 70.0 to 71.5
D-83 90.0 to 91.5
D-85 40.0 to 41.5
D-85 70.0 to 71.5
D-87 87.0 to 111.0
D-87 100.0 to 101.0
S-88 30.0 to 31.5
S-88 29.0 to 40.0
D-89 32.5 to 49.0

TABLE D-1

Permeability of Alluvium

Sample
S5-9a

N.A.
§s8-12
§S5-14
55-8
§s8-11
N.A.
85-20
§8-5

N.A.

Method

* Hazen's Formula

** Bajler Test
Hazen's Formula
Hazen's Formula
Hazen's Formula
Hazen's Formula

Bailer Test
Hazen's Formula
Hazen's Formula

Baller Test

Bailer Test

Permeability (cm/sec)

2.5 x 107}

5.11 x 1o'4

9.0 x 10~2
2.5 x 1071
4.0 x 1072

1.2 x 10'2

3.35 x 10°°

6.8 x 10'2

2.3 x 1072

1.45 x 10_'3

2.44 x 10°°

* Hazen's Formula is used to estimate permeability based upon soil
(see Hazen, A., 1930, Water Supply,
American Civil Engineers Handbook, John Wiley and Sons, Inc., N.Y.)

k*k

grain size distribution.

A bailer test is a field method for determining in-situ permeability.
Water was evacuated from the plezometer with a compressed air pump and
the rate of recovery recorded.

soil permeability (see

Hvorslev, M. Juul, 1951,

The rate of recovery is related to the
Time Lag and Soil

Permeability in Groundwater Observations, Waterways Experiment Station,
Corps of Engineers, U.S. Army, Vicksburg, Mississippi, Bulletin No. 36.)
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Kansas City TESTING LABORATORY

SUMMARY OF SO0I1L TESTS

PROJECT_Westlake PROJECT NO__84-075-4-002

=
=
& | = u | UNCONFINED | ATTERBERG =5
o= |w= | pepry .2 | S| COMPRESSION [ LIMITS L2
== |£E fit e, | =8 REMARKS
x —— . —
CEIREE Sl=%| PSF | %E [LL |[PL Pl [-200|=3
5~80 ST-3}f 15.0-17.0 34.9| 87.9 94.6
ST-4] 20.0-22.0 48.31 75.8 571211} 36 CH
D-81 SS-9A| 50.0-50.6 0.7
D-83 SS-3A) 15.0-15.7 32.41 90.7 25| 21 4 CL/MI
SS-12¢ 70.0-71.5 2.3
SS-14]1 90.0-91.5 1.2
D-85 SS-8|] 40.0-41.5 3.4
SS-111 70.0-71.5 3.6
D-87 $5-20/100.0-101.0 " 2.3
S-88 SS-51 30.0-31.5 2.2




B T Ul BN BN B BE B B B D BE B BE T B BN Ee -
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PRIORITY POLLUTANTS
DECEMBER, 1985
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Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Eln
AG
AL
AS

BA
BE
BI
CA
Ch
co
CR

FE

LI
MG

MO
NA
NT

PB
SB
SE
ST
SN
SR
TI
TL

ZN

Batch #: B-5120530

Customer ID: S-51 METALS
ETSRC ID: 5120530

Result
<0.003
<0.02
<0.06
<0.05
0.130
<0.0003
<0.06
62.9
<0.003
<0.006
<0.02
0.01
0.020
<0.4
0.011
19.9
0.031
<0.007
4.79
<0.02
<0.2
<0.04
<0.04
<0.08
8.56
<0.02
0.149
<0.002
<9%.1
<0.003
1.24



Environmental Trace Substances Research Center
ICP Scan ~ Sample Analysis Report
Project: BURNS AND MCDONNELL Units: MCG/ML
Batch #: B-5120530

Customer ID: I-59 METALS

ETSRC ID: 5120532
Elm : Result
AG : <0.003
AL : <0.02
AS : <0.06
B : 1.2
BA : 0.352
BE : <0.0003"
BI : <0.06
CA : 259,
CD : <0.003
CO : <0.006
CR : <0.02
CU : 0.057
FE : 7.38
K : 7.4
LI : 0.041
MG : 63.3
MN : 0.846
MO : <0.008
NA : 138.
NI : 0.03
P : 0.3
PB : <0.04
SB : 0.05
SE : <0.08
SI : 12.6
SN : <0.02
SR : 0.921
TI : <0.003
TL : <0.1
Vv : <0.003
ZN : 0.11
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Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS .AND MCDONNELL Units: MCG/ML

Elm
AG

AL

AS
B

BA
BE
BI
ca
CD
Cco
CR
Ccu
FE
K

LI
MG
MN
MO
NA
NI
P

PB
SB
SE
ST
SN
SR
TI
TL
v

ZN

Batch #: B-5120530

Customer ID: S-80 METALS
ETSRC ID: 5120534

Result
<0.003
0.05
<0.06
0.06
0.238
<0.0003
<0.06
132.
<0.003
<0.006
<0.02
0.019
0.11
1.
0.015
36.7
0.030
<0.007
82.8
<0.02
0.4
<0.04
<0.04
<0.08
9.91
<0.02
0.389
<0,002
0.1
0.004
0.031



Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG

AS

BA
BE
BI
CA
CD
co
CR

FE

LT
MG

MO
NA
NI

PB
SB
SE
ST
SN
SR
TI
TL

ZN

Batch #: B-5120530

Customer ID: D-81 METALS
ETSRC ID: 5120535

Result
<0.003
0.086
<0.06
0.18
0.340
<0.0003
<0.06
180.
<0.003
<0.006
<0.02
0.023
0.14
1.5
0.028
38.0
0.676
0.02
32.9
<0.02
<0.2
<0.04
<0.04
<0.08
8.84
<0.02
0.455
<0.003
0.1
<0.003
0.087
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Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG
AL
AS

BA
BE
BI
ca
CD
Cco
CR

FE

LT
MG

MO
NA
NI

PB
SB
SE
SI
SN
SR
TI
TL

ZN

Batch #: B-5120530

Customer ID: S-82 METALS
ETSRC ID: 5120536

Result
<0.003
<0.02
<0.06
1.3
0.159
<0.0003
<0.06
239.
<0.003
0.01
<0.02
0.040
0.083
l6.
0.042
59.6
1.75
<0.007
137.
0.060
0.3
<0.04
<0.05
<0.08
12.5
<0.02
0.805
<0.003
<0.1
0.003
0.099



Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Eln
AG
AL
AS

BA
BE
BI
CcaA
CDh
co
CR

FE

LI
MG

MO
NA
NI

PB
SB
SE
ST
SN
SR
TI
TL

ZN
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Batch #: B-5120530

Customer ID: D-83 METALS
ETSRC ID: 5120537

Result
<0.003
<0.02
<0.06
0.92
1.15
<0.0003
<0.06
158.
<0.003
<0.006
<0.02
<0.005
0.386
13.
0.033
47.0
0.419
<0.007
175.
0.02
<0.2
<0.04
<0.04
<0.08
4.1
<0.03
0.714
<0.003
<0.1
<0.003
0.038
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Project: BURNS AND MCDONNELL

Elm
AG
AL
AS

BA
BE
BI
CA
CD
co
CR

FE

LI
MG

MO
NA
NI

PB
3B
SE
SI
SN
SR
TI
TL

ZN

Environmental Trace Substances Research Center

. ICP Scan - Sample Analysis Report
Units: MCG/ML
Batch #: B-5120530

Customer ID: S-84 METALS
ETSRC ID: 5120538

Result
<0.003
0.52
<0.06
0.1
0.448
<0.0003
<0.06
191. .
<0.003
0.022
<0.02
0.007
31.5
<0.4
0.022
49.2
3.68
<0.01
29.1
<0.02
<0.2
<0.04
0.05
<0.09
18.5
<0.02
0.494
0.007
<0.1
0.003
0.051



Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elnm
AG
AL
AS

BA
BE
BI

cD
co
CR

FE

LI
MG

MO
NA
NI

PB
SB
SE
sI
SN
SR
TI
TL

ZN

€9 60 00 00 00 95 08 G0 49 05 09 08 00 G5 89 0 G5 06 S0 G5 40 OO %0 GO P26 60 0 SO o8 OO0 se s

Batch #: B-~5120530

Customer ID: D-85 METALS
ETSRC ID: 5120539

Result
0.003
<0.02
<0.06
0.23
0.874
<0.0003
<0.06
243.
0.003
0.01
<0.02
0.0086
14.3
<0.4
0.030
75.9
1.87
<0.008
61.7
<0.02
0.2
<0.04
0.06
<0.09
15.0
<0.02
0.522
<0.003
0.1
0.004
0.036
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Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report .

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG
AL
AS

BA
BE

CA
CD
co
CR

FE

LI
MG

MO
NA
NI

PB
SB
SE

SN
SR
TI
TL

ZN

Batch #: B-5120530

Customer ID: D-87 METALS
ETSRC ID: 5120540

Result
<0.003
<0.02
<0.06
0.46
0.702
<0.0003
<0.06
273.
<0.003
<0.006
<0.02
<0.005
7.67
<0.4
0.034
70.9
1.19
<0.008
104.
<0.02
<0.2
<0.04
<0.05
<0.08
15.2
<0.03
0.756
<0.003
<0.1
<0.003
0.018



Project: BURNS AND MCDONNELL

Elm
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ZN

Environmental Trace Substances Research Center

ICP Scan - Sample Analysis Report
Units: MCG/ML
Batch #: B-5120530

Customer ID: S-88 METALS
ETSRC ID: 5120541

Result
<0.003
0.25
<0.06
0.09
0.199
<0.0003
<0.06
247.
<0.,003
0.01
<0.02
<0.005
2.28
<0.4
0.031
56.0
2.36
<0.008
10.1
<0.02
0.2
<0.04
0.05
<0.08
14.4
<0.02
0.915
0.004
<0.1l
0.003
0.051
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Environmental Trace Substances Research Center
... ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG

AS

BA
BE
BI
ca
CD
co
CR

FE

LI
MG

MO
NA
NI

PB
SB
SE
SI
SN
SR
TI
TL

ZN

Batch #: B-5120530

Customer ID: D-89 METALS
ETSRC ID: 5120542

Result
<0.003
0.05
<0.06
0.06
0.191
<0.0003
<0.06
129,
<0.003
<0.006
<0.02
0.033
0.15
<0.4
0.021
50.9
0.351
<0.007
10.9
<0.02
<0.2
<0.04
<0.04
<0.08
10.7
<0.02
0.459
<0.002
<0.1
<0.003
0.048



Project: BURNS AND MCDONNELL

Elm
AG
AL
AS

BA
BE
BI

CD
co
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FE
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TL

ZN
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Environmental Trace Substances Research Center

ICP Scan - Sample Analysis Report
Units: MCG/ML
Batch #: B-5120530

Customer ID: D=-90 METALS
ETSRC ID: 5120543

Result
<0.003
0.05
<0.06
0.1
0.174
<0.0003
<0.06
70.0
<0.003
<0.006
<0.02
<0.005
0.034
5.6
0.025
34.6
0.14
0.02
45.6
<0.02
<0.2
<0.04
<0.04
<0.08
11.1
<0.02
0.671
<0.002
<0.1
<J.003
<0.002
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Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG
AL
AS

BA
BE
BI

CD
Cco
CR

FE

LI
MG

MO
NA
NI

2B
SB
SE
SI
SN
SR
TI
TL

ZN

®8 20 69 60 00 @0 00 00 ST SO S0 00 00 00 60 GO S0 00 03 05 S0 00 00 88

Batch #: B-5120530

Customer ID: D-91 METALS
ETSRC 1ID: 5120544

Result
<0.003
0.03
<0.06
0.07
0.446
<0.0003
<0.06
l62.
<0.003
<0.006
<0.02
0.008
4.04
<0.4
0.026
56.4
1.09
<0.008
44.5
<0.02
<0.2
<0.04
<0.05
<0.08
15.7
<0.02
0.826
<0.003
<0.1
<0.003
0.044



Environmental Trace Substances Research Center
ICP Scan -~ Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG
AL
AS

BA
BE
BI

CD
Cco
CR

FE

LI
MG

MO
NA
NI

PB
SB
SE
SI
SN
SR
TI
TL

ZN

Batch #: B-5120530

Customer ID: D-~92 METALS
ETSRC ID: 5120545

Result
<0.003
0.20
<0.06
0.21
0.614
<0.0003
<0.06
287.
<0.003
<0.006
<0.02
0.008
6.28
1.8
0.033
77.5
1.63
<0.008
153.
0.02
0.3
<0.04
0.07
<0.08
11.1
<0.03
1.12
0.20
<0.1
<0.003
0.029
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Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG

AS

BA
BE
BI
ca
CD
Cco
CR

FE

LI
MG

-MO
NA
NI

PB
SB
SE
SI
SN
SR
TI
TL

ZN

48 983 94 S8 S0 9% ST T S T B OV P WP 46 ST SO G0 G0 00 OO SO GO 00 29 GO S0 o6 00 00 9 o0

Batch #: B-5120530

Customer ID: D-93 METALS
ETSRC ID: 5120546

Result
0.004
0.03
<0.06
0.1
l.06
<0.0003
<0.06
246,
<0.003
<0.006
<0.02
0.024
2.63
1.
0.034
61.4
0.336
<0.008
64.3
<0.02
0.2
<0.04
0.07
<0.08
14.5
<0.03
0.861
<0.003
<0.1
<0.003
0.020



Environmental Trace Substances Research Center
ICP Scan - Sample Analysis Report

' Project: BURNS AND MCDONNELL Units: MCG/ML

Elm
AG

AS

BA
BE
BI
CA
CD
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FE

LI
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MO
NA
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SE
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SN
SR
TI
TL

ZN

06 08 06 00 90 ©6 08 08 00 0C 00 00 S5 60 00 G0 00 S0 00 60 00 O 0C 60 00 00 G0 06 65 o8 90 GO

Batch #: B-5120530

Customer ID: D=-94 METALS
ETSRC 1ID: 5120547

Result
<0.003
<0.02
<0.06
0.06
0.666
<0.0003
<0.06
110.
<0.003
<0.006
<0.02
0.01
0.12
3.1
0.021
24.6
0.20
0.01
68.6
<0.02
<0.2
<0.04
<0.04
<0.08
10.6
<0.02
0.588
0.005
<0.1l
<0.003
0.14




- . O . - . .

Elnm
AG

. AL

AS

BA
BE
BI

CDh
Cco
CR

FE

LT
MG

MO
NA
NI

PB
SB
SE
SI
SN
SR

TL

ZN

@9 80 00 00 00 00 60 00 0BG GU €0 00 06 G0 S0 06 GO G4 06 90 00 60 G0 28 P U 00 00 24 w0 w6 e

Environmental Trace Substances Research Center
- ICP Scan - Sample Analysis Report

" Project: BURNS AND MCDONNELL Units: MCG/ML

Batch #: B-5120530

Customer ID: D-95 METALS
ETSRC ID: 5120548

Result
<0.003
0.04
<0.06
0.1
0.183
<0.0003
<0.06
67.9
<0.003
<0.006
<0.02
0.01
0.16
1.7
0.013
11.2
0.066
0.01
40.9
<0.02
0.3
<0.04
<0.04
<0.08
12.1
<0.02
0.325
<0.003
<0.1
<0.003
0.035
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RESULT SUMMARY SHEETS

BASE/NEUTRAL PRIORITY POLLUTANTS
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20.
21,
22.
23.

environmental Trace Substances Research Center
Base Neutral Result Sheet
Detection Limit

Sample Source:

Submi tter IU#:

ETSRC Ib#:

Sample Matrix:

Method: U.S.E.P.A. #0625
bDate Received:

Date Analyzed:

Analyst:

Compound
Bis[2-Chloroethyllether
1,3~bichlorobenzene
1,4~Dichlorobenzene
1,2~-Dichlorobenzene
Bis{2-Chlorophropyllether
Hexachloroethane

. Nitrobenzene

Isophorone
Bis[2-Chloroethoxy Jmethane
Trichlorobenzene

. Naphthalene
. Hexachlorobutadiene

Hexachlorocyclopentadiene

. 2-Chloronaphthalene
. Acenaphthylene

. Dimethylphthalate

. Acenaphthene

. 2,4-Dinitrotoluene

Fluorene

Dietnylphthalate
N-Nitrosodiphenylamine
4-Bromophenylphentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
2¢5
237
loZ
152
163
154
165
166
149
169
248

Data File#:

Conc. Units:

Scan #

mcg/L

Area

Lonc

Corr Conc

1.0
1.0
1.0
1.0
5.0
1.0
1.0
2.0
3.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.6
1.0
1.0
1.0
2.0
1.0



24.
25.
26.
27.
28.
29,
39.
3l.
32.
33.
34.
35.
36.
37.
38.

3Y.

40.

41.

42.

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benzialanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octyliphthalate
Benzo[bIFluoranthene
Benzo[k]Fluoranthene
Benzo[a]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether

N-Nitroso-n-propylamine

yuantity
n/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

corr Conc

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
5.0
10.0
2.0
10.0
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Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#: §-SiOR
ETSRC Iu#: 5120513
Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: January 20, 19386

Analyst: Carl Orazio

Compound
Bis[2-Chloroethyl]ether

1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene

. Bis[2-Chlorophropyl]ether
. Hexachloroethane
. Nitrobenzene

[sophorone

. Bis[2-Chloroethoxy]methane
. Tricnlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Ch1oronaphtha1ene

. Acenaphthylene

. Dimethylphthalate

. Acenaphthene

. 2,4-Dinitrotoluene

. Fluorene

. Diethyiphthaiate

. N-Nitrodiphenylamine

. 4-Bromophenylphentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163
154
165
166
149
169
248

Data File#:

Conc. Units:

Scan #

BN5120513

mcg/L

Area

Conc

Corr ConcC

<MDL
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
. 1,2-Diphenylhydrazine
40.
41.
42.

Compound

Hexachlorobenzene
Phenanthrene
Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octylphthalate
Benzo[b]F luoranthene
Benzo[k JF Tuoranthene
Benzo[a]Pyrene

Benzidine
4~Chlorophenyl phenyl ether
N-Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MOL
<MUL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




g‘ ;. -.‘I - ! ! ; ;

SURROGATE RESULTS

Scan # Area
2422 189204
3380 125099

Tentatively Identified Compounds

Quantity
Compound _m/e
1. Anthracene D-10 188
2. Chrysene D-12 240
3.
4.
Compound Scan #
1. Trimethyl Cyclonexane-1-One 1079
2
3
4,
5.
6
7
8
9.
10.

NBS

LIB Base

FIT m/e
No Match 123

Det Spiked
Conc Conc
101.5 100.0
149.1 100:0
Area Est Conc
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Environmental Trace Substances Research Center
Base Neutral Resulit Sheet

Sample Source: Burns & McDonnell

Submitter ID#: S-SI0oR
ETSRC ID#: 5120513DR
Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: January 20, 1986

Analyst: Carl Orazio

Compound
Bis[2-Chloroethyl]ether

1,3-Dichlorobenzene

. 1,4-Dichlorobenzene
. 1,2-Dichlorobenzene
. Bis[2-Chlorophropyl]ether

Hexachloroethane
Nitrobenzene
Isophorone

. Bis[2-Chloroethoxylmethane
. Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronaphthalene

. Acenapnthylene

. Dimethylphthalate

. Acenaphthene

. 2,4-Dinitrotoluene

. Fluorene

. Diethylphthalate

. N-Nitrodiphenylamine

. 4-Bramophenylphentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163
154
165
166
1439
169

248

Data File#:

Conc. Units:

Scan #

BNO513DR

mcg/L

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound
Hexachlorobenzene

Phenanthrene
Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexy]llphthalate
Di-n-Octylphthalate
Benzo[b]F luoranthene
Benzo[k JFluoranthene
Benzola]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether '

N-Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MBL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MLL
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SURROGATE RESULTS

Quanti ty Det Spiked
Compound m/e Scan # Area Conc Conc
Anthracene D-10 188 2424 141779 76.0 100.0
Chrysene D-12 249 3384 105002 125.0 100.0
Tentatively Identified Compounds
NBS
LIB Base
Compound Scan # FIT m/e Area Est Conc
Trimethyl Gyclohexen-1l-one 1083 No Match 123
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Environmental Trace Substances Research Center
' Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter IL#: T-S90R

ETSKC ID#: 5120514 Data File#: BN5120514
Sample Matrix: Water

Method: U.S.E.P.A. #625

Date Received: Uecember 17, 1985

Date Analyzed: January 20, 1966 Conc. Units: mecg/L
Analyst: Carl Orazio

Sample contained traces of aliphatic hydrocarbons. Possibly due to diesel or

similar contaminant.

Quantity
Compound _m/e Scan # Area Conc Corr Conc
1. Bis[2-Chloroethyl]ether 93 <MDL
2. 1,3-Dichlorobenzene 146 <MbL
3. l,4~bichlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 146 <MDL
5. Bis[2-Chlorophropyllether 45 <MDL
6. Hexachloroethane 117 <MDL
7. Nitrobenzene 77 <MDL
8. Isophorone 82 <MDL
9, Bis[2-ChloroethoxyImethane 93 <MDL
1u. Trichlorabenzene 180 <MDL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronaphthalene lo2 <MLL
15. Acenaphthylene 152 <MDL
17. Dimethylphthalate 163 <MDL
18. Acenaphthene 154 <MDL
19. 2,4~Dinitrotoluene 15 <MDL
20. Fluorene 166 <MDL



21.
22.
23.
24.
25,
Z6.
27.

*Present but < quantitation limit.

Compound

Diethylphthalate

N-Ni trodiphenylamine
4-Bromophenylphentyl ether
Hexachlorobenzene
Phenanthrene
Anthracene .
Ui-n-Butylphthalate
Fluoranthene

Pyrene
sutylbenzylphthalate
Benzlalanthracene
3,3'-Dichlorobenzidine

. Chrysene

. Bis[2-ethylhexyljphthalate
. Ui-n-Octylphthalate

. Benzo[bjFluoranthene

. Benzo[k]Fluoranthene

. Benzo[a]Pyrene

. 1,2-Diphenylhydrazine

. Benzidine

. 4~-Chlorophenyl phenyl ether
. N=-Nitroso-n-propylamine

Quan;ity
_mie_

149
169
248
284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

3463

Area

Conc

torr Conc

<MDL
<DL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MUL
<MbL
<MDL
*
<MDL
<ML
<MDL
<MLL
<MDL
<MDL
<MDL
<HDL
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SURROGATE RESULTS

Quantity
Compound m/e
Anthracene D-10 188
. Chrysene D-12 240

AW N
.« e .

Scan #

2427 160,353

3382

Tentatively Identified Compounds

Compound
1. 1,1'-0xy Bis (2 Ethoxy) Ethane
2. Pentylenetetrazole

3. Aliphatic Hydrocarbon
4. Aliphatic Hydrocarbon

5.

W & ~N O
e & e e

10.

Scan #

1631
2053
1630
3509
3620

NBS
LIB
FIT

946
973
No Match
No Match

No Match -

90,836

Base

m/e

59
55

57
57

Det Spiked
Conc Conc
86.0 100.0
108.3 100.0
Area Est Conc




Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter Ib#: $-8o06R

ETSRC ID#: 5120515 Data File#: BN5120515
Sample Matrix: MWater

Method: U.S.E.P.A. #625

Date Received: Uecember 17, 1985

Date Analyzed: January 20, 1986 Conc. Units: mcy/L
Analyst: Carl Orazio

Sample contains traces of aliphatic hydrocarbons from diesel or similar

contaminants.
Quantity
Compound m/e Scan # Area Conc Corr Conc
1. Bis[2-ChloroethylJether 93 <MDL
2. 1,3-Dichlorobenzene 146 <MDL
3. 1,4-bichlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 146 <MDL
5. Bis[2-ChlorophropylJether 45 <MDL
b. Hexachloroethane 117 <MDL
7. Nitrobenzene 77 <MDL
8. Isophorone 82 <MDL
9. Bis[2-ChloroethoxyJmethane 93 <MDL
10. Trichlorobenzene 180 <MDL
11. Naphthalene 1268 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14, 2-Chloronapnthaiene 162 <MuL
15. Acenaphthylene 152 <MDL
17. Dimethylphthalate 163 <MbL
18. Acenaphthene 154 <MDL
19. 2,4-Dinitrotoluene 165 <DL
20. Fluorene 166 <MDL

i




21.
22.
23.
24.
. Phenanthrene
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
3o.
37.
38.
39.
40.
41,
42,

Compound

Uiethylphthalate
N-Nitrodiphenylamine
4-Bromophenylphentyl ether
Hexachlorobenzene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[alanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis{2-ethylhexyl]phthalate
Di-n-Octylphthalate
Benzo[b]Fluoranthene
Benzo[k]Fluoranthene
Benzo[alPyrene
1,2-Diphenylhydrazine
Benzidine

4-Cnlorophenyl phenyl ether
N-Nitroso-n-propylamine

Quantity
_mle_

145
169
248
284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

3463

Area

Conc

Corr Conc

<MbL
<MLL
<MLL
<MDL
<MBL
<MDL
<MLL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<ML
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL



SURKOGATE RESULTS

Quantity Det Spiked
Compound _m/e Scan # Area Conc Conc
1. Anthracene D-10 188 2426 142,258 76.3 100.0
2. Chrysene D-12 240 3384 100,92¢ 120.3 100.0
3.
4,
Tentatively Identified Compounds
NBS
LIB Base
Compound Scan # FIT _mle Area Est Conc
1. Aliphatic Hydrocarbon 3150
2. Aliphatic Hydrocarbon 3626
3. Trimethyl Cyclohexane-1-0One 1082 No Match

4.
5
6.
7
8

9.
10.




1u.

©C O N T A WN e

ComEound
Anthracene D-10

. Chrysene D-12

SURROGATE RESULTS

Quanti ty
m/e

188
240

Scan #
2419
3374

Tentatively Ldentified Compounds

Compound
Trimethyl Benzene

. Triethyl Phosphate
. Ethyl Benzyl Alcohol
. 2 Naphthylamine

Sulfur

Scan #

8l6
1129
1044
20006
2828

NBS
LIB
T

986
938

Area
116205
84859

Base

m/e

105

Det Spiked
Conc Conc
106.3 100.G
11¢.2 100.0
Area Est Conc




24.
25.
26.
27.
Z8.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
4u.
41,
42.

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Ui-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJlanthracene
3,3'~bichlorobenzidine
Chrysene
Bis[2-ethylhexyl]phthalate
Di-n-0Octylphthalate
Benzo[bJFluoranthene
Benzo{ k JFluoranthene
Benzo[a]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether

N-Nitroso-n-propylamine

Quantity
n/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

3453

Area

2940

Conc

Corr Conc

1.84

<MDL
<MDL
<MDL
<MbL
<MDL
<MDL
<MDL
<HDL
<MDL
<MDL
1.74
<MDL
<MDL
<MDL
<HDL
<MDL
<MDL
<MDL
<MLL
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24.
25.
26,
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

40.
41,
42,

39.

Compound

Hexacnlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzyiphthalate
Benz[alanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octylphthalate
Benzo[b]Fluoranthene
Benzo[kJFluoranthene
Benzo[a]Pyrene
1,2-bLiphenylhydrazine
Benzidine

4-Chloropheny] phenyl ether
N-Nitroso-n-propylamine

Quantity
n/e

284
178
178
149
202
202
149
228
252
2¢8
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

1.1

<MDL
<MUL
<Fiul
<HDL
<MDL
<ML
<MDL
<ML
<MDL
<MUL
0.96
<DL
<MDL
<MDL
<MDL
<MLL
<MOL
<MDL
<MDL
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Environmental Trace Substances Research Center
Base Neutra] Result Sheet

Sample Source: Burns & McDonnell

Submitter IU#: D- 85 OR

ETSRC Ib#: 5120520 Vata File#: BN5120520
Samb]e Matrix: HWater

Method: U.S.E.P.A. #625

Date Received: December 17, 1985

Date Analyzed: January 21, 1966 ' Conc. Units: mcy/L
Analyst: Carl Orazio

(Quantity
Compound _m/e_ Scan # Area Conc Corr Conc
1. Bis[2-ChloroethylJether 93 <MDL
2. 1,3-Dichlorobenzene 1406 <MDL
3. 1,4-bicnlorobenzene 146 <MDL
4, 1,2-bichlorobenzene 140 <MLL
5. Bis[2-Chlorophropyllether 45 <MLL
6. Hexachloroethane 117 <MDL
7. witrobenzene 77 <MDL
8. Isophorone 82 <MUL
9, Bis[2-Chloroethoxy]methane 93 <MDL
lu, Trichlorobenzene 18v <DL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronaphthalene lo2 <MDL
15. Acenaphthylene 152 <MDL
17. Dimethylphthalate 163 <MLL
18. Acenaphthene 154 <MDL
19. 2,4-Dinitrotoluene 165 <MDL
20. Fluorene 166 <MDL
21, Diethylphthalate 149 <ML
22. N=-witrodiphenylamine 169 <MDL
23. 4-Bromophenyiphentyl ether 248 <Myl




24.
25,
26.

27.

28.
29.
30.
31.

32.

33.
34.

35.

3u.

37.

38.

39.

4u.
41,

4z.

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJanthracene
3,3'-bichlorobenzidine
Chrysene
Bis[2~ethylhexyl]phthalate
Di-n-Octylphthalate
Benzo[b]Fluoranthene
Benzo[k]Fluoranthene
Benzo[a]Pyrene
1,2-Diphenylinydrazine
Benzidine

4-Chlorophenyl phenyl ether
N=Nitroso~-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252
77
184
AV
70

Scan # Area Conc Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL
<DL
<MDL
<MDL
3456 94122 124.5 115.2
<MDL
<MUL
<MDL
<MLL
<MDL
<MuL
<MDL
<MDL



Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter Iu#: D- So0R

ETSRC ID#: 5120524 Data File#: BN5120524
Sample Matrix: Water

Method: U.S.E.P.A. #625

Uate Received: ODecember 17, 1985

Late Analyzed: January 22, 1985 Conc. Units: mcyg/L
Analyst: Carl Orazio

Quantity
Compound _m/e Scan # Area Conc Corr Conc
1. Bis[2-Chloroethyl lether 93 <MDL
2. 1,3-Dichlorobenzene 140 <DL
3. 1,4-Dichlorobenzene 146 <MDL
4, 1,2-bichlorobenzene 140 <MDL
5. Bis[2-Chlorophropyllether 45 <MDL
0. Hexachloroethane 117 <iibL
7. Nitrobenzene 77 <MbL
8. Isophorone 82 <MDL
9. Bis[2-Chloroethoxylmethane 93 <MDL
10. Trichlorobenzene 180 <bL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MD L
14, 2-Chloronaphthalene 162 <MDL
15. Acenaphthylene 152 <MDL
17. vimethylphthalate 163 <ML
18. Acenaphthene 154 <MDL
19, 2,4-Dinitrotoluene 165 <MDL
20. Fluorene 166 <MDL
21. Diethylpnthalate 149 <MDL
22. N-Nitrodiphenylamine 169 . <MDL
23. 4-Bromophenylphentyl ether 248 <MLL
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Compound
Anthracene D-10

. Chrysene 0-12
. Phenol D-5

Compound

SURROUGATE RESULTS

Quantity
m/e

188
240
99

Scan #

2421
3379

Area
120,607
90,290

783 12,775

Tentatively Identified Compounds

Scan #
1079

NBS
LIB
_FIT_

No Match

Base

m/e

123

Det Spiked
conc Conc
100.5 100.0
92.5 100.0
Area Est Conc




24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound
Hexachlorobenzene

Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[a]anthracene
3,3'-Dichlorobenzidine
Chrysene
Bis{2-ethylhexyl]phthalate
Di-n-0ctylphthalate
Benzo[b]F luoranthene
Benzo[k JF luoranthene
Benzo[a]Pyrene
1,2-Diphenylnydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Nitroso-n-propylamine

Quantity
m/e.

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#: D- 829 0R
ETSRC ID#: 5120523
Sample Matrix: Water
Method: U.S.E.P.A. #0625

Date Received: December 17, 1985
Date Analyzed: January 20, 1986

Analyst: Carl Orazio

Compound
Bis[2-Chloroethyl]ether

1,3-Dichlorobenzene

. 1,4-Dichlorobenzene

1,2-Dicnlorobenzene

. Bis[2-Chlorophropyl]ether

Hexachloroethane

. Nitrobenzene

Isophorone
Bis[2-Chloroethoxylmethane

. Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2=Chloranaphthalene

. Acenaphthylene

. Dimethylphthalate

. Acenaphthene

. 2,4-Dinitrotoluene

. Fluorene

. Diethylpnthaiate

. N=-Nitrodiphenylamine

. 4-Bromophenylphentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163
154
165
166
149
169
248

Data File#:

Conc. Units:

Scan #

BN5120523

mcg/L

Area

Cconc

Corr Conc

<MDL
<MDL
<MDL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Compound

Anthracene 0-10

. Chrysene D-1z

Compound

SURROGATE RESULTS

Quantity
‘m/e

188
240

Scan #

a———

2425
3381

Tentatively Identified Compounds

Scan #

NBS
LIB

FIT

Area
101,792
89,410

Base

m/e

Det Spiked
Conc Conc
§4.8 100.0
91.6 10G.0
Area Est Conc




22.
23.
24,
25.
26.
27.
28.
29.
30.
3i.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,

Compound

N-Nitrodiphenylamine
4-sromophenylphentyl ether
Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
BenzlaJanthracene
3,3'-Dichlorobenzidine
Chrysene
Bisl2-ethylhexyl]phthalate
Di-n-Uctyiphthalate
Benzo[b]Fluoranthene
BenzolkJFluoranthene
Benzola JPyrene
1,¢-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-ilitroso-n-propylamine

Quantity
m/e

169
248
284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

3440
3679

Area

8084
15452

Conc

Corr Conc

7.8

<MDL
<MDL
<MDL
<Ml
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<DL

7.4

6.4
<HDL
<MUL
<MLL
<MbL
<MDL
<MDL
<MDL



Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#: D- 492 aR

ETSRC IL#: 5120527 Data File#: BN512527
Sample Matrix: Water

Method: U.S.E.P.A. #625

Date Received: December 17, 1985

Date Analyzed: January 23, 1986 Conc. Units: mcy/L
Analyst: Carl Orazio

Contaminated witn phthlate esters.

Quantity
Compound _m/e Scan # Area Conc Corr Conc
1. Bisl[2-ChloroethylJether 93 <MDL
2. 1,3-Dichlorobenzene 146 <MDL
3. 1,4-bichlorobenzene 146 <MDL
4. 1,z-Dichlorobenzene 146 <MDL
5. Bis[2-ChlorophropylJether 45 <MDL
6. Hexachloroethane 117 <MDL
7. Nitrobenzene 77 <MDL
8. Isophorone 82 <MDL
9. Bis[2-Chloroethoxylmethane 93 <ML
10. Trichlorobenzene 180 <MLL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronaphthalene 162 <ML
15. Acenaphthylene 152 <MDL
17. Dimethylphthalate 163 <MDL
18. Acenaphthene 154 <MDL
19. 2,4-binitrotoluene 165 <MDL
20. Fluorene 166 <MDL
21. Diethylphthalate 149 <MDL
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Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell
Submitter ID#: D- 31 OR

ETSRC ID#: 5120525
Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: March 4, 1986

Analyst: Carl Orazio,

Compound

. Bis[2-Chloroethyl]ether
. 1,3-Dichlorobenzene
. 1,4-Dichlorobenzene
. 1,2-Dichlorobenzene

Bis[2-Chlorophropy]lether

. Hexachloroethane

Nitrobenzene

. Isophorone

Bis[2-Chloroethoxy]Jmethane

. Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronaphthalene

. Acenaphthylene

. Dimethylphthalate

. Acenaphthene
. 2,4-Dinitrotoluene

. Fluorene

. Diethylphthalate

. N-Nitrodiphenylamine

. 4-Bromophenylpnentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163

154
165

166
149
169
248

Data File#:

Conc. Units:

Scan #

512052BN

mcg/L

Area

Conc

Corr Conc

<{MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

<MDL
<MDL

<MOL
<MDL
<MDL
<MDL



Compound
1. Anthracene D-10
2. Chrysene D-12
3.
4.

Compouna

1. Fatty Acid Octy Ester

2.
3.

w € N o0 O o

10.

SURROGATE RESULTS

Quantity
n/e Scan # Area
188 2416 147,856
240 3376 141,120

Tentatively Identified Compounds

Det
Conc

122.0
137.0

Area

NBS
LIB Base
Scan # FIT m/e
2057 966 119
3271 973 129

Spiked

‘conc

100.0
100.0

tst Conc




1.
2.
3.
4.

W 00 N Oy O H W N
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SURROGATE RESULTS

Quantity
Compound m/e Scan # Area
Anthracene D-10 188 2388 29701
Chrysene D-12 240 3336 123162

Tentatively Identified Compounds

NBS
LIB Base
Compound Scan # FIT m/e

Det Spiked
Conc Conc
22.4 20.0
15.9 20.0
Area Est Conc




24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound
Hexachlorobenzene

Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz{a]anthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyl]phthalate
Di-n-Octylphthalate
Benzo[b]F luoranthene
Benzo[k JFluoranthene
Benzo[a]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound
Hexachlorobenzene

Phenanthrene

Anthracene
Di-n-Butyiphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz{alanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octylphthalate
Benzo[b]F luoranthene
Benzo[k JFluoranthene
Benzola]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Nitroso-n=-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MLL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter I0#: B -9£6R
ETSRC Ib#: 5120525D
Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: January 22, 1986

Analyst: Carl Orazio

Compound
Bis[2-Chloroethyl]ether

. 1,3-Dichlorobenzene
. 1,4-Dichlorobenzene

1,2-Dichlorobenzene
Bis[2-Chlorophropyllether
Hexachloroethane
Nitrobenzene

. Isophorone

. Bis[2-Chloroethoxy]methane
. Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronaphthalene

. Acenaphthyiene

. Dimethylphthalate
. Acenaphthene

. 2,4-Dinitrotoluene

. Fluorene

. Diethylphthalate

. N-Nitrodiphenylamine

. 4-Bromopnenylphentyl ether

Quantity
m/e

93
146
146
146
45
117
77
82
93
180
128
225
237
162
152

163
154

165
166
149
169
248

Data File#:

Conc. Units:

Scan #

BN5120525D

mcg/L

Area

conc

Corr Conc

<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MBL
<MDL
<MDL
<MDL

<MDL
<MDL

<MDL
<MDL
<MDL
<MDL
<MDL




Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & Mclonnell

Submitter ID#: S- 84 pR

ETSRC Iu#: 5120519 Data File#: BN5120519
Sample Matrix: HWater

Methoa: U.S.E.P.A. #6025

bDate Received: December 17, 1985

Date Analyzed: January 21, 1986 Conc. Units: mcy/L
Analyst: Carl Orazio

Quantity
Compound _m/e_ Scan # Area Conc Corr Conc
1. Bis[2-Chloroethy1lether 93 <MDL
2. 1,3-Dichlorobenzene 1l4e <ol
3. 1,4-bichlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 146 <MDL
5. Bis[2-Chlorophropyllether 45 <MDL
6. Hexachloroethane 117 <MUL
7. Nitrobenzene 77 <MDL
8. Isophorone §2 <MDL
9. Bis[2-Chloroethoxy Jmethane 93 <MDL
10, Trichlorobenzene 130 <MDL
11. Naphthalene 128 <HDL
12. Hexacnlorobutadiene 225 <Mbl
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronapnthalene 162 <MuL
15. Acenaphthylene 152 <MDL
17. Uimethylphthalate 163 <MDL
18. Acenaphthene 154 <MDL
19. 2,4-Dinitrotoluene 165 <MDL
20. Fluorene 166 <MDL
21. Oiethylphthalate 149 <MDL
22. N-Nitrodiphenylamine 169 <MLL
23. 4-Bromophenylphentyl ether 248 <MDL



SURROGATE RESULTS

Quantity

Compound _m/e Scan # Area
1. Anthracene D-10 188 2424 131211
2. Chrysene D-12 240 3382 114619
3.
4,

Tentatively Identified Compounds
NBS
LIB Base

Compound Scan # _FIT _m/e_
1. 1,1' t£thane Bis Oxy(Ethoxy) 1039 46
2
3
4,
5.
)
7
8
9.
10.
sc#25120518/

Det Spiked
Conc Conc
109.3 100.0
117.5 100.0
Area Est Conc




24.
25.
26.
27.
Z8.
29.
30.
31.
32.
33.
34.
35.
3o.

38.
39.
40.
41l.
42.

37.

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benzla]anthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octylphthalate
Benzo[b]Fluoranthene
Benzo[kJFluoranthene
Benzo[aJPyrene
1,2-Diphenylnydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Nitroso-n-propylamine

Quantity

“m/e
284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

2084

3683

Area

599

2247

conc

corr Conc

0.31

0.94

<MLL
<MDL
<MDL
0.3%
<MDL
<MuL
<MOL
<Mul
<HuL
<MLL
<MDL
0.97
<MDL
<DL
<MDL
<MDL
<MDL
<MUL
<MLL



tnvironmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter IU#: 8- §¢ oR
ETSRC Ivs: 5120522 Data File#: BN5120522

‘Sample Matrix: Water

Metnod: U.S.E.P.A. #625
Date Received: January
LDate Analyzed: January 23, 1986 Conc. units: mcg/L

Analyst: Carl Orazio

Quantity
Compound _m/e Scan # Area Conc Corr Conc
1. Bis[2-Chloroethyllether 93 <MOL
2. 1,3-Dichlorobenzene 146 <MDL
3. 1,4-Dichlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 146 <mDL
5. Bis[2-Chlorophropyllether 45 <MDL
6. Hexachloroethane 117 <MuL
7. Nitrobenzene 77 <MDL
8. Isophorone 82 <MDL
9. Bis{2-ChloroethoxyJmethane 93 <MDL
lu. Trichilorobenzene 130 <HMDL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronaphthalene 162 <MDL
15, Acenaphthylene 152 <MUL
17. Dimetnylphthalate 163 <MuL
18. Acenaphthene 154 <MDL
19. 2,4-Dinitrotoluene 165 <MDL
20. Fluorene 160 <MbL
2i. Diethylphthalate 149 <MDL
22. N-Nitrodiphenylamine 169 <MuL
23. 4-Bromophenylphentyl ether 248 <MLL
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SURRUGATE RESULTS

Scan # Area

3415 134,442
a3372 121,484

Tentatively Identified Compounds

Quantity
Compound _m/e
Anthracene 0-10 © 188
Chrysene D-12 ' 240
compound Scan #
Ethane, 1,1'-Oxy Bis[{2]Ethoxy 1029
Trimethyl Cyclohexan=-1-One 1078
. Triethy Phosphate 1126
Hexane Dioic Acid, Dioctylester 3264

NBS
LIB Base
FIT m/e
924 59
No Match 123
936 99
966 129

Det Spiked
Conc Conc
115.3 106.0
1158.6 100.0
Area Est Conc

—rr——



Quantity
Compound _m/e Scan _# Area Conc Corr Conc
24. Hexachlorobenzene 284 , <MDL
25. Phenanthrene 178 <MDL
26. Anthracene 178 - ) <MDL
27. Di-n-Butylphthalate 149 2675 1321 0.81 0.70
28. Fluoranthene 202 <MBL
29. Pyrene 202 <MDL
30. Butylbenzylphthalate 149 <MDL
31. Benz[aJanthracene 228 <MDL
32. 3,3'-Dichlorobenzidine 252 <MDL
J3. Chrysene 228 <MDL
34, Bis[2-ethylhexyllphthalate 149 3460 671,459 549.4 477.4
35. Di-n-0ctylphthalate 149 3672 5971 3.0 2.6
36. Benzo[b]Fluoranthene 252 <MDL
37. Benzo[k]Fluoranthene 252 <MDL
38. BenzofalPyrene 252 <MDL
39. 1,2-Diphenylhydrazine 77 <MDL
40. Benzidine 184 <MDbL
41. 4-Chlorophenyl phenyl ether 204 <MDL
42. lLi-Nitroso-n-propylamine 70 <MDL




Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#: D-92 oR

ETSRC ID#: 5120520 Data File#. BN5120526
Sample Matrix: Water

Method: U.S.E.P.A. #625
Date Received: December 17, 1985

Date Analyzed: January 23, 1986 Conc. units: mcg/L
Analyst: Carl Orazio

Quantity
Compound _m/e_ Scan # Area Conc Corr Conc
1. Bis[2-ChloroethylJether 93 <MDL
2. 1,3-Dichlorobenzene 146 <HDL
3. 1l,4-Dichlorobenzene 146 <MDL
4., 1,2-Dichlorobenzene 146 <ML
5. Bis[2-Chlorophropy]llether 45 <MDL
6. Hexachloroethane 117 <MDL
7. Nitrobenzene 77 <MDL
8. Isophorone 82 <MLL
9. Bis[2-Chloroethoxy]methane 93 <MDL
10. Trichlorobenzene 180 <MDL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronaphthaiene ) 162 <MDL
15. Acenaphthylene 152 <MDL
17. Dimethylphthalate 163 <MDL
18. Acenaphthene 154 <MDL
19. 2,4-uinitrotoluene 165 <MDL
Z0. Fluorene 166 <MDL
21. Diethylphthalate 149 <MDL
22. N-Nitrodiphenylamine 169 <MDL
23. 4-Bromophenylphentyl ether 248 <DL



SURROGATE RESULTS

Scan # Area
2414 120131
3373 110619

Tentatively Identified Compounds

Quantity
Compound _m/e
1. Anthracene D-10 188
2. Chrysene D-12 240
3.
4.
Compound Scan #
1. Trimethyl Cyc lohexene-1-one 1074
2
3
4.
5.
6
7
8
9.
10.

NBS

LIB Base

FIT m/e
No Match 123

Det Spiked
Conc Conc
§9.0 100.0
108.0 100.0
Area Est ConcC




24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound
Hexachlorobenzene

Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[a]anthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octylphthalate
Benzo[b]F luoranthene
Benzo[k ]JFluoranthene
Benzo[a]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Environmental Trace Substances Research Center

Sample Source: Burns & McDonnell

Submitter ID#: D- 832 OR
ETSRC Io#: 5120518

Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: January 21, 1986

Analyst: Car] Orazio

Compound
Bis[2-Chloroethyl]ether

1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene

. Bis[2-Chlorophropy1lether

Hexachloroethane
Nitrobenzene

. Isophorone

. Bis[2-Chloroethoxy Jmethane
. Trichlorobenzene

. Naphthalene

. Hexachiorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronaphthalene

. Acenaphthylene

. Dimethylphthalate

. Acenaphthene

. 2,4-Dinitrotoluene

. Fluorene

. Diethylphthalate

. N-Nitrodiphenylamine

. 4-Bromophenylphentyl ether

Quantity

_n/e_

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163
154
165
166
149
169
248

Base Neutral Result Sheet

Data File#:

Conc. Units:

Scan #

BN5120518

mcg/L

Area

Conc

Corr CoOnc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#: §-&820R
ETSRC ID#: 5120517
Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: January 20, 1986

Analyst: <Carl Orazio

Compound

. Bis[2-Chloroethyl]ether

1,3-Dichlorobenzene

. 1,4-Dichlorobenzene

1,2-Dichlorobenzene
Bis[2-Chlorophropy1]ether

. Hexachloroethane
. Nitrobenzene

Isophorone
Bis[2-Chloroethoxy]methane

. Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronaphthalene

. Acenaphthy]ene

. Dimethylphthalate

. Acenaphthene

. 2,4-Dinitrotoluene

. Fluorene

. Diethylphthalate

. N-Nitrodiphenylamine

. 4-Bromophenylphentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163
154
165
166
149
169
248

Data File#:

Conc. Units:

Scan #

BN5120517

mcg/L

Area

conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
&MDL
<MDL
MDL
<MDL
<MDL
<MDL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL



Compound
1. Anthracene D-10
2. Chrysene D-12
3.

4,
Compound

1.
2.
3.
4,
5.
6.
7.
8.
9.

10,

SURRUGATE RESULTS

Quantity .
mn/e Scan #
188 2253
240 3211

Tentatively Identified Compounds

NBS
LIB
Scan # FIT

Area
67,653
44,472

Base

m/e

Det Spiked
Conc conc
50.4 100.0
45.6 160.0
Area Est Conc




1.
Z.
3.
4,
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SURKOGATE RESULTS

Quantity
Compound m/e Scan # Area
Anthracene D-10 188 132,499
Chrysene D-12 240 76,944
Tentatively Identified Compounds

NBS

LIB Base
Compound Scan # FIT m/e

Det Spiked
Conc Conc
110.4 100.0
91.7 100.0
Area Est Conc




24,
é5s.
26.
27.
28.

9.

30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylpnthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz{alanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyl]phthalate
Di-n-Uctylphthalate
Benzo[b]Fluoranthene
Benzo[ k JFiuoranthene
Benzo[aJPyrene
1,¢-Diphenylhydrazine
Benzidine

4-Cnhlorophenyl phenyl ether
N=-N1itroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL

2.9
<MDL
<MUL
<MLL
<MDL
<DL
<MDL
<MDL
<MDL




24.
25.
26,
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.
41.

42.

Compound

Hexachlorobenzene
Pnenanthrene

Anthracene
Di-n-Butyliphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[alanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyl]phthalate
Di-n-0ctylphthalate
Benzo[b]Fluoranthene
Benzo[k]Fluoranthene
Benzo[a JPyrene
1,2-Dipnenylhydrazine
Benzidine

4-Chlorophenyl pnenyl ether
N-iitroso-n-propylamine

Quantity
/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

2833

3752

Area

26966

38619

34949

22655

Conc

Corr Conc

15.6

22.17

72.4

20.1

<MDL
20.0
<MDL
<MLL
20.0
<DL
<MLL
<MDL
<MDL
75.0
<MDL
<MDL
20.0
<MDL
<MDL
<MDL
<MDL
<HDL
<MDL



Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell
Submitter ID#:

ETSRC ID#: 512U5RSPK Data File#: BNRSPK
Sample Matrix: Water '

Method: U.S.E.P.A. #0625

Date Received: January 14, 1986

Date Analyzed: January 15, 1986 Conc. Units: mcg/L

Analyst: Carl Orazio

Quantity
Compound _mle_ Scan # Area Conc Corr _Conc
1. Bis[2-Chloroethyl]ether 93 <MDL
2. 1,3-Dichlorobenzene 146 <MDL
3. 1,4-Dichlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 146 <MDL
5. Bis[2-Chlorophropyllether 45 <MDL
6. Hexachloroethane 117 <MbL
7. HNitrobenzene 77 <MDL
8. Isophorone 82 <MbL
9. Bis[2-ChloroethoxyJmethane 93 <MOL
10. Trichlorobenzene 180 <MOL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14, 2-Chloronaphthalene 162 <MDL
15. Acenaphthylene 152 <MDL
17. biwethylphthalate 163 <MUL
18. Acenaphthene 154 <MUL
19. ¢,4-Dinitrotoluene 165 <MLL
20. Fluorene 166 2054 16555 19.3 20.0
21. Diethylphthalate 149 <MUL
22. N-Nitrodiphenylamine 169 <MDL
23. 4-oromophenyiphentyl ether 248 <MDL




Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#:

ETSRC Iu#: 5120524S; Spike Sample Data File#: BN51205243
Sample Matrix: Water

Method: U.S.E.P.A. #06¢5

LDate Received: Uecember 17, 1985

Date Analyzed: January 22, 1986 Conc. Units: mcy/L
Analyst: Carl Urazio

Quantity Corr Spk
Compound m/e Scan # Area Conc Conc Conc
1. Bis[2-CnhloroethylJether a3 <MDL
2. 1,3-bDichlorobenzene 146 <MDL
3. 1l,4-Dichlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 146 <MDL
5. Bis[2-ChlorophropylJether 45 <MDL
6. Hexachloroethane 117 <MDL
7. Nitrobenzene 77 <MDL
8. Isophurone B2 <DL
9. BisLZ-Chloroethoxy]lmethane g3 <MLL
10. Trichlorobenzene 180 <MDL
11, Naphthalene 18 <MDL
12. Hexachlorobutadiene 225 <ML
13. Hexachlorocyclopentadiene 237 <MLL
14, 2-Chloronaphthalene 162 <MDL
15, Acenaphthylene 152 <MDL
17. Dimethylphthalate 163 <MDL
13. Acenaphthene 154 <MDL
19. ¢,4-binitrotoluene 165 <MDL
20. Fluorene 166 2059 11222 17.9 19.2 20.0
21. Diethylphthalate 149 <MDL
22, N-Nitrodiphenylamine 169 <HDL
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Compound

Anthracene D-10

. Chrysene D-12

Compound

SURKOGATE RESULTS

Quanti ty
m/e

188
240

Tentatively ldentified Compounds

Scan #

Scan #
2410
3370

NBS
LIB
FIT

Area
213,353
160,419

Base

m/e

Det Spiked
Conc Conc
114.5 100.0
100.0
Area Est Conc




Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submi tter Iu#:

ETSRC Iu#: 6010117 Data File#: BN6010117
Sample Matrix: Water

Method: U.S.E.P.A. #625

Uate Received: January

Date Analyzed: January 23, 1980 Conc. Units: cg/L
Analyst: Carl Orazio

Quantity
Compound m/e Scan # Area Conc Corr Conc
1. Bislz-Chloroethnyl jether 93 <MDL
2. 1,3-Dichlorobenzene 146 <MDL
3. 1,4-Dichlorobenzene 146 861 542 1.0 0.94
4, 1,2-Dichlorobenzene 146 <MDL
5. Bis[2-Chlorophropyl Jether 45 <ML
6. Hexachloroethane 117 <MDL
7. Witrobenzene 77 <MDL
8. Isophorone 82 <MDL
9. Bis[2-Cnloroethoxy Jmethane 93 <MDL
1U. Trichlorobenzene 130 <MDL
11l. Naphthalene 128 1262 1360 .90 0.86
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <HMDL
14. 2-Chloronaphthalene 162 <MLL
15. Acenaphthylene i52 <MDL
17. Dimethylphthalate 163 <MDL
18. Acenaphthene 154 <MDL
19. 2,4-Dinitrotoluene 165 <MDL
20. Fluorene 166 <MDL
21. Diethylphthalate 149 208V 3545 1.8% 1.75
22. N-nNitrodiphenylamine 169 <MDL
23. 4~Bromophenylphentyl ether 24y <MOL



WO N -

—

Compound
. Anthracene D-10

. Chrysene D-12

Compound

O W 0O ~N O O & W N —

SURROGATE RESULTS

Quantity
m/e Scan #
188 2416
240 3373

Tentatively Identified Compounds

NBS
LIB
Scan # FIT

Area
132398
107540

Base
m/e

Det Spiked
Conc Conc
113.5 100.0
105.9 100.0
Area Est Conc




Quantity
Compound _m/e_ Scan # Area Conc
1. Bis[2-Cnloroethyllether 93
2. 1,3-Dichlorobenzene 146
3. 1,4-Dichlorobenzene 146
4. 1,2-Dichlorobenzene 146
5. Bis{2-ChlorophropylJether 45
b. Hexachloroethane 117
7. Nitrobenzene 77
§. Isophorone 82
9. Bis[2-Chloroethoxy ]Jmethane 93
10. Trichlorobenzene 180
11. Naphthalene 128
14. Hexachlorobutadiene 225
13. Hexachlorocyclopentadiene 237
14. 2-Chloronaphthalene 162
15. Acenaphthylene 152
17. Dimethylphthalate 163
18. Acenaphthene 154
19. 2,4-binitrotoluene lo5
20. Fluorene . 166
21. Diethylphthalate 149
22. N-Nitrodiphenylamine 169
23. 4-Bromophenyliphentyl ether 248

Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submi tter ID#: D- 94 oR

ETSRC ID#: 5120528 vata File#: ©N51i205¢8
Sample Matrix. MWater

Method: U.S.E.P.A. #6425

Date Received. December 17, 1985

Date Analyzed: January 23, 1986 Conc. Units: mcg/L
Analyst: Carl Orazio |

LCorr Conc
<MDL
<MbL
<MDL
<MDL
<MDL
<ribL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL
<MDL



SURROGATE RESULTS

Guantity

Compound m/e
. Anthracene D-10 188
Chrysene D-12 240

C 0O ~N o0 0 & W N

—
[an)

Tentatively Identitied Compounds

Compound Scan #
1,1' Ethane Bis Oxy(Ethoxy)

[2]Etnoxy 1032
Trimethyl Cyclohexe-1-One 1081
Tetraoxydodecane 1945

Det
Scan # Area Conc
2415 103659 88.9
3371 124926 122.0
NBS
LIB Base
FIT m/e Area
No Match 59
No Match 123
969 59

Spiked

tonc

100.0
100.0

Est Conc




1.
2.
3.
4,

1.
2.
3.

W € ~N O

10.

SURROGATE RESULTS

Quantity Det Spiked
Compound m/e Scan # Area Conc Conc
Anthracene D-10 188 2415 115742 99.3 100.0
Chrysene D-12 240 3372 104983 102.5 100.0
Tentatively Identified Compounds

NBS

LIB Base
Compound Scan # FIT m/e Area Est Conc
Trimethyl Cyclohexane-1-One 1080 No Match 123
Hexane Dioc Acid Dioctyl Ester 3256 919



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

38.

39.

40.

41.

42.

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis{2-ethylhexyl]phthalate
Di-n-Octylphthalate
Benzo[blFluoranthene
benzo[k JFiuoranthene
Benzo[a JPyrene
1,2-viphenylhydrazine
Benziuine _
4-Chlorophenyl phenyl ether

N-Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

3450

Area

4515

Conc

Corr Conc

3.7

<MDL
<MDL
<MDL
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

3.7
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MuL
<MDL




Compound

. Hexachlorobenzene

. Phenanthrene

. Anthracene

. Di-n-Butylphthalate

. Fluoranthene

. Pyrene

. Butylbenzylphthalate

. Benz[a]anthracene

. 3,3'-Dichlorobenzidine

. Chrysene

. Bis[2-ethylhexyl]phthalate
. Di-n-Octylphthalate

. Benzo[b]Fluoranthene

. Benzo[k JFluoranthene

. Benzola]Pyrene

. 1,2-Diphenylnydrazine

. Benzidine

. 4-Chlorophenyl phenyl ether
. N-=Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
143
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MuL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter ID#: D- 95 bR
ETSRC I0#: 5120529
Sample Matrix: Water
Method: U.S.E.P.A. #625

Date Received: December 17, 1985
Date Analyzed: January 20, 1986

Analyst: Carl Orazio

Compound
Bis[2-ChloroethylJjether

1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
Bis[2-Chlorophropy1Jether
Hexachloroethane
Nitrobenzene

Isophorone

. Bis[2-Chloroethoxy]methane
. Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronapnthalene

. Acenaphthylene

. DimethyIphthalate

. Acenaphthene

. 2,4-Dinitroto luene

. Fluorene

. Diethylphthalate

. N-Nitrodiphenylamine

. 4-Bromophenylphentyl ether

Quantity
m/e

93
146
146
146

45
117

77

82

93
130
128
225
237
162
152
163
154
165
166
149
169
248

Data File#:

Conc. Units:

Scan #

BN5120529

mcg/L

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




1.
2.
3.
4.

Compound

Anthracene D-10
Chrysene D-12

Compound

SURROGATE RESULTS

Quantity
m/e

188
240

Tentatively Identified Compounds

Scan #

1. Ethane 1,1'-0xy Bis (2-Ethoxy) 1029

2.
3.

€ O ~N O 0 o
e« o & e e =

—
C

Diethy1 Carbitol

1085

1632.

2051

Det Spiked
Scan # Area Con¢ Congc
2426 159,063 5.3 100.0
3384 88,236 105.0 100.0
NBS
LIB Base
FIT m/e Area Est Conc
943 59



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Compound
Hexachloraobenzene

Phenanthrene

Anthracene
Di-n-Butylpnthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyl]phthalate
Di-n-Octylphthalate
Benzo[b]F luoranthene
Benzo[k JF luoranthene
Benzo[a]Pyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-ilitroso-n-propylamine

Quantity
m/e

284
178
178
143
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MUL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




23.
24.
25.
2v.
27.
2.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41,
42.

ComEound
4-Bromophenylphentyl ether

Hexachlorobenzene
Phenanthrene

An thracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[alanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyljphthalate
Di-n-0Octylphthalate
Benzo[bJFluoranthene
Benzo{k JFluoranthene
Benzo{aJPyrene
1,2-biphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-N1itroso~n-propylamine

Quantity
m/e

248
234
178
178
149
202
202
149
228
252
228
149
14y
252
252
252

77
184
204

70

Scan #

Area

Conc

Corr Conc

<MUL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
<MLL
<MDL
<UL
<MDL
<huL
<MDL
<MDL



Environmental Trace Substances Research Center

Sampie Source:
Submitter ID#: D-816p
ETSRC Iu#: 5120516

Sample Matrix: Water
Method: U.S.E.P.A.

Date Received:
Date Analyzed:
Carl Urazio

#0625

Analyst:

Compound
Bis[2-Chloroethyl Jether
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,¢-bichlorobenzene
Bis{2-ChlorophropylJlether
Hexachloroethane

Nitrobenzene

. Isopnorone
. Bis[2-Chloroethoxy Jwe thane

Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2=Chloronapnthalene

Acenaphthylene
Dimethylphthalate

. Acenaphthene
. 2,4=Dinitrotoluene

Fluorene

. Diethylphthalate

N-Nitrodiphenylamine

Base Néutral Result Sheet

Burns & McDonnell

Data File#:

Qecember 17, 1985
February 10, 1986

Conc. Units:

Yuantity
n/e Scan #

93
146
146
146

45
117

77

32

93
180
128
225
237
lo¢
152
163
154
165
166

149
169

BNOS16RP

mcg/L

Area

Conc

Corr Conc

<MDL
<DL
<MDL
<MLL
<MDL
<MOL
<MOL
<MUL
<MDL
<DL
<MDL
<MLL
<DL
<MLL
<MLL
<MLL
<MDL
<MDL
<MDL
<MDL
<MbL




1.

2.
3.
4,

C O ~N O bW N
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SURROGATE RESULTS

guantity
Compound m/e Scan # Area
Anthracene D-=1lvu 188 2423 134,889
Chrysene D-12 240 3381 117,819

Tentatively Identified Compounds

NBS
LIB Base
Compound Scan # FIT m/e

Uet Spiked
Conc Conc
112.4 1vo.0
120.8 100.0
Area Est Conc




24.
25.
26.
z7.

Compound

Hexachlorobenzene
Phenantnrene
Anthracene
Di-n-Butylphthalate

. Fluoranthene

Pyrene

. Butylbenzylphthalate

Benz[alanthracene
3,3'-Dichlorobenzidine

. Chrysene
. Bis[2-ethylhexyl]phthalate
. Di-n-Octylphthaiate

Benzo[bJFTuoranthene

. Benzo[k]JFluoranthene
. Benzo[a]Pyrene
. 1,2-biphenylhydrazine

Benzidine

. 4-Chlorophenyl pnenyl ether

. N-Nitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

77
184
204

70

Scan #

3225

3459
3681

Area tonc

Corr Conc

885 0.48

33,100 24.8
5769 2.6

<MDL
<MDL
<MDL
U.43
<MDL
<ML
<MDL
<MDL
<MDL
<DL
22.1

z.3
<MDL
<iMbtL
<MUL
<MbL
<MDL
<4bL
<MUL




Environmental Trace Substances Research Center
Base Neutral Result Sheet

Sample Source: Burns & McDonnell

Submitter IL#: D- 897 6R

ETSRC Iu#: 5120521 . Data File#: BN5120521
Sample Matrix: Water

Method: U.S.E.P.A. #625

Date Received: December 17, 1985

Date Analyzed: January 21, 1986 Conc. units: mcy/L
Analyst: Carl Orazio

Guantity
Compound m/e Scan # Area Conc ctorr Conc
1. Bis[2-ChloroethylJether 93 <MDL
2. 1,3-Dichlorobenzene 146 <MDL
3. 1,4-Dicnlorobenzene 146 <MDL
4. 1,2-Dichlorobenzene 14o <DL
5. Bis[2-ChlorophropylJether 45 <MOL
6. Hexachloroethane 117 <Gibl
7. Witrobenzene 77 <DL
4. Isophorone ye <DL
9. Bis[2-Chloroethoxylmethane 93 <MDL
10. Trichlorobenzene 180 <MDL
11. Naphthalene 128 <MDL
12. Hexachlorobutadiene 225 <MDL
13. Hexachlorocyclopentadiene 237 <MDL
14. 2-Chloronaphthalene 162 <MDL
15. Acenaphthylene 152 <MDL
17, Dimethylphthalate 163 <MDL
18. Acenaphthene 154 <MDL
19. 2,4-Uinitrotoluene 165 <MDL
20. Fluorene 166 <MDL
21, Diethylphthalate 149 <MDL
22. N-Nitrodiphenylamine _ 169 <MDL
23. 4-Bromophenylphentyl ether 245 <MDL



SURROGATE RESULTS

Quantity
Compound _m/e Scan # Area
1. Anthracene D-10 188 2421 138,263
2. Chrysene D-12 240 3378 77,436
3.
4,
Tentatively Identified Compounds
N8BS
LIB Base
Compound Scan # FIT _m/e

1. Methyl-3-Amino-1,24 Triazol 777 976 98
2. Propanol, 1-(2-Ethoxypropoxy) 848 868 59
3. 3,5 Dimethyl-3-Hexanol 885 868 73
4,
5.
6.
7.
8.
S.
10,

Det Spiked
Conc Conc
115.2 100.0
79.4 100.0
Area Est Conc
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Result Summary Sheet

Submitter ID: Burns and McDonnel # IL—>9 O©R
ETSRC 1D: _ 5120514 R. Data File:
Sample Matrix: Water

~Analytes: Priority polilutant phenols
Method: EPA504 - GC/MS

Da te Kecieved/Analyzed. December 1%86/Jan. 1, 1986

Analyst: Carl Orazio
Come. Umils: meg-

Quantity

Compound m/e Scan #

. Phenol

2-Chlorophenol

2-Nitrophenol

2,4-Dime thylphenol

2,4-Dichlorophenol -

4-Chloro, 3~Methylphenol

2,4,6-Trichlorophenol

2.4-Dinitrophenol 1695 878

. 4-Nitrophenol

4,6-binitro, 2-Methylphenol

. Pentachlorophenol 2119 4948

Phenol D-5 (Surrogate) rec

Ared

A5120514

Conc

Carr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
10.0
<MDL
<HMbL
9.6

38%
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Result Summary Sheet

Submitter ID: Burns and McDonnel # $-8o0 oOR
ETSRC Ib: 5120515 R. Data File.
Sample Matrix: Water

Analytes:

Priority pollutant phenols

Method:

EPA604 - GC/MS

Date Recieved/Analyzed:
Carl Orazio

Analyst:

bec. 1986/Jan. 1, 1986

C one U mnoﬁ'u

Compound

Phenol

2-Chlorophenol
2-Nitrophenol

2,4-Dime thylphenol
2,4-Dichlorophenol
4-Chloro, 3~-Methylphenol
2,4,6-Trichlorophenol
2,4-Dinitrophenol

. 4-Nitrophenol

4,6-Dinitro, 2-Methylphenol

. Pentachiorophenol

Phenol D-5 (Surrogate) rec

Quantity
m/e Scan # Area

A5120515

Conc

Corr Conc

<MDL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




Result Summary Sheet

Submitter ID: Burns and McDonnel #
ETSRC ID. 1 L Samples-Detection Levels Table

R. Data File:

Sample Matrix: Water

Analytes. Priority pollutant phenols

Method: EPA6U4 - GC/MS

Date Recieved/Analyzed: Dec 1986/Jan. 1, 1986
Analyst: _ Car] Orazio

conc Units: MCG/L

Quantity

Compound _m/e Scan _# Area Conc Corr Conc

1. Phenol 639 9714 1.7

2 2-Chlorophenol 656 9004 0.9

3. 2-Nitrophenol 960 2254 3.4

4 2,4-Dimethylphenol 989 5515 3.0

5. 2,4-Dichlorophenol 1030 4478 1.8

6. 4-Chloro, 3-Methylphenol 1283 20354 1.5

7. 2,4,6-Trichlorophenol 1406 12807 1.6

8. 2,4-Dinitrophenol leg7 2070 9.2

9. 4-Nitrophenol 1733 7940 6.8

10. 4,6-Dinitro, 2-Methylphenol 1871 8309 5.1
11. Pentachlorophenol 2108 16647 1.9

Phenol D-5 (Surrogate) rec
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Result Summary Sheet

Phenol D-5 (Surrogate) rec

Submitter I1U: Burns and McDonnel # & -5 @R
ETSRC Iu: 5120513d R. Data File: A5120513
Sample Matrix: Water
Analytes: Priority pollutant phenols
Method: EPA604 - GC/MS
bate Recieved/Analyzed. Dec. 1986/Jdan. 1, 1986
Anaiyst: Carl QOrazio
Cone. Umils 'Mc?/l_
Quantity
Compound _lﬂﬁi_ Scan # Area Conc Corr Conc
Phenol 644 3951 2.4 6.9
2-Chlorophenol <MDL
2-Nitrophenol <MDL
Z,4-0ime thylphenol <MDL
2,4-Dichlorophenol <MOL
4-Chloro, 3-Methylphenoi <MDL
. 2,4,6-Trichlorophenol <MDL
2,4-Dinitrophenol <DL
. 4-iNitrophenol <MDL
4,6-Dinitro, 2-Methylphenol <MDL
. Pentachlorophenol <MDL
45%
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RESULT SUMMARY SHEETS
PHENOLIC PRIORITY POLLUTANTS




IR

SURKOGATE RESULTS

Det Spiked

Conc Conc

100.0 100.0

114.4 114.4
Area

Est Conc

Quantity
Compound _m/e_ Scan # Area
1. Anthracene D-10 188 2416 121366
2. Chrysene D-12 240 3374 117996
3.
4,
Tentatively Identified Compounds
NBS
LIB Base
Compound Scan # _FIT m/e
1.
2.
3.
4,
5.
6.
7.
8.
9.
10,
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Result Summary Sheet

Submitter ID: Burns and McUonnel # S-B€ ©R

ETSRC ID: 5120522 R. Lata File:

Sample Matrix: Water

Analytes: Priority pollutant phenols

Metnod: EPA6UL4 - GC/MS

Date Recieved/Analyzed: Dec. 1986/Jan. 1, 1986

Analyst: Carl Orazio

Cone Unibs: m eyl
Quantity
Compound /e Scan #

Phenol

2-Chlorophenol
2-Nitrophenol
2,4-Dimethylphenol
2,4-Dichlorophenol
4-Chloro, 3-Methylphenol

. 2,4,6-Trichlorophenol

2,4-Dinitrophenol

. 4-Nitrophenol
. 4,0-Dinitro, 2-Methylphenol
. Pentachlorophenol

Phenol U-5 (Surrogate) rec

Area

5120522

Conc

Corr Conc

<MDL
<DL
<MDL
<DL
<MDL
<MDL
<MDL
MbL
<MLL
<MbL
<MDL

27%



ETSRC 1. 5120523 R. Data File: 5120523
Sample Matrix: Water
Analytes: Priority pollutant phenols
Method: EPA604 ~ GC/MS
Date Recieved/Analyzed: Dec. 1986/Jan. 1, 1966
Analyst: Carl Orazio
Ceme. Umils: Mc.j,l[_
Quantity
Compound _m/e_ Scan # Area Conc Corr Conc
1. Phenol <MDL
2. 2-Chlorophenol <MDL
3. 2-Nitrophenol <MDL
4. 2,4-Dimethylphenol <L
5. 2,4-Dichlorophenol <MDL
6. 4-Chloro, 3-Methylpnenol <MDL
7. 2,4,6-Trichlorophenol <MDL
8. 2,4-Dinitrophenol <MDL
9. 4-Nitrophenol <MbL
10. 4,6-Dinitro, 2-Methylphenol <MDL
11. Pentachlorophenol <MDL
21.6%

Result Summary Sheet

Submitter ID: Burns and Mcbonnel # D-23 @R

Phenol D-5 (Surrogate) rec
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Submitter IU:
ETSRC Ib:

Burns and Mclonnel # D-—-9c
5120524

Result Summary Sheet

oR

R. Data File:

Sample Matrix:

Water

Analytes:

Priority pollutant phenols

Method.

EPA6U4 - GLC/MS

Date Recieved/Analyzed.
Carl Orazio

Analyst:

Dec. 1986/Jan. 1, 1986

Ccﬂc.U~ﬁﬁs:»ﬂc7/L

Compound

Phenol

2-Chlorophenol
2-Nitrophenol

2,4~Dime thylphenol
2,4~bichiorophenol
4-Chloro, 3-Methylphenol
2,4,0-Trichlorophenol

. 2,4~Dinitropheno]l
. 4-Nitrophenol

4,6~-Dinitro, 2-Methylphenol

. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Quantity
n/e Scan # Area

5120524

Conc

Corr Conc

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL
<DL
<MDL
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Submitter ID:
ETSRC Ib:

Burns and McDonnel #
5120525

Result Summary Sheet

D-91 ¢ R

R. Data File:

Sample Matrix:

Water

Analytes:

Priority pollutant phenols

Method.

EPAG04 - GC/MS

Date Recieved/Analyzed.
Carl Grazio

Analyst:

Dec. 1986/Jan. 1, 1986

Comne. U’nits: MC—?JL

Compound

Phenol

2-Chlorophenol
2-Nitrophenol

2,4-Dime thylphenol
2,4-bichlorophenol
4-Chloro, 3-Methylphenol
2,4,6-Trichlorophenol
2,4-Dinitrophenol

. 4-Nitrophenol

4,6-Dinitro, 2-Methylphenol

. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Quantity
m/e Scan # Area

A5120525

conc

Lorr Conc

<MDL
<MDL
<MDL
<GibL
<MDL
<MDL
<MDL
<MbL
<MDL
<MDL
<MDL

21.32
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Result Summary Sheet

Submitter ID: Burns and McDonnel # D-92 @R

ETSRC ID: 5120526

R. Data File:

Sample Matrix: Water

Analytes. Priority pollutant phenols

Method: EPA604 - GC/MS

bate Recieved/Analyzed:
Analyst: Car1 Orazio

Vec. 1986/Jdan. 1, 1986

Cewne Uit Mga’[ L

Compound

. Phenol

2-Chlorophenol
Z-Nitrophenol
2,4-Dimethylphenol

. 2,4-Dichlorophenol

4-Chloro, 3-Methylphenol
2,4,6-Trichlorophenol
2,4-Dinitrophenol

. 4-Nitrophenol

4,6-Dinitro, 2-Metnylphenol

. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Quantity
m/e Scan # Area

652 3675

5120526

Conc

Corr Conc

18.6
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<MDL

20.5%
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Compound m/e

Result Summary Sheet’

Submitter ID: Burns and Mcbonnel # 2-93 ©OR

ETSKC ID. 5120527 R. Data File:
Sample Matrix: Water L

Analytes: Priority pollutant phenols

Method: EPA604 - GC/MS

Date Recieved/Analyzed. Dec. 1986/Jan. 1, 1986

Analyst: Carl Orazio

Comnc. umiby_ w\c_?IL

Quantity
Scan # Area

A5120527

Conc

Corr Conc

Phenol 1349

2-Chlorophenol
2-Nitrophenol
2,4~Dimethylphenol
2,4-Dichlorophenol
4-Chloro, 3-Methylphenol
2,4,6-Tricnlorophenol
2,4~Dinitrophenol

. 4-iitrophenol

. 4,6-Dinitro, 2-Methylphenol
. Pentachlorophenol

Phenol D-5 (Surrogate) rec

6.6
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

21.2%
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Submitter IJ:
ETSRC ID.

Burns and Mcbonnel # D—7T!
5120510

Result Summary Sheet

R

R. bata File.

Sample Matrix:

Water

Analytes.

Priority pollutant pnenols

Method.

EPAGO4 - GC/MS

Date Recieved/Analyzed:
Carl Orazio

Analyst:

Cane. UJNV’ megil

Compound

Phenol
2-Chlorophenol

. 2-Nitrophenol

2,4-Dimethylphenol
2,4-Dichlorophenol
4-Chloro. 3-Methylphenol
2,4,6-Trichlorophenol
2,4-Dini trophenol

. 4=Nitrophenol

4,6-Dinitro, 2-KHethylphenol

. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Dec. 1986/Jan. 1 1986
Quantity
m/e Scan # Area

A5120516

Conc

Corr Conc

<MDL
<DL
<MDL
<MDL
<MDL
<MLL
<MDL
<MDL
<MOL
<MDL
<MDL

27.9%
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Result Summary Sheet

Phenol D-5 (Surrogate) rec

Submitter IU: Burns and McDonnel # S-%2 aR

ETSRC ID: 5120517 R. Data File: A5120517

Sample Matrix: Hater

Analytes: Priority pollutant phenols

Method: EPA604 - GC/MS

Date Kecieved/Analyzed. Dec. 1986/Jan. 1, 1986

Analyst: Carl Orazio

Coame Unitse ‘W‘C?'l’

Quantity
Compound _m/e Scan # Area Conc Corr Conc
Phenol 647 4067 7.1
2-Chlorophenol <MDL
2-Nitrophenol <MDL
2,4-Dime thy lphenol <MDL
2,4-Dichlorophenol <MDL
4-Chloro, 3-Methylphenol <MDL
2,4,6-Tricnlorophenol <MDL
2,4-Dinitrophenol <MLL
. 4-iitrophenol <MDL
4,6-Dinitro, 2-Methylphenoi <MDL
Pentachliorophenol <MDL
24.0%
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Result Summary Sheet

Submitter ID: Burns and Mcbonnel # DP-¥3 ¢cR

ETSRC 1u: 5120518 R. Data File:
Sample Matrix: Water

Analytes: Privrity pollutant phenols

Method. EPA6U4 - GC/MS

Date Recieved/Analyzed. Dec. 1986/Jan. 1, 196

Analyst: __ Carl Orazio

Cone. Wnils:, ey ( L

Quantity
Compound m/e Scan # Area
Phenol 653 4214

2-Chlorophenaol
2-Nitrophenol
2,4-Dimethylphenol
2,4-vichlorophenol
4-Chloro, 3-Methylphenol
2,4,6-Trichlorophenol
2,4-Dinitrophenol

. 4-Nitrophenol
. 4,6-Dinitro 2-Methylphenol
. Pentachlorophenol

Phenol D~5 (Surrogate) rec

A5120518

Conc

Corr Conc

7.30
<MDL
<MDL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

36.4%
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Result Summary Sheet

Submitter ID: Burns and McDonnel # S-84 OR

ETSRC ID. 5120519 R. Data File:

Sample Matrix: Water

Analytes: Priority pollutant phenols

Method: EPA604 - GC/MS

Date Recieved/Analyzed: Uec. 1986/Jan. 1, 1980
Analyst: Carl Orazio

Cene. Unilg - meglL

Quantity

5120519

Conc

Compound m/e Scan # Area

. Phenol

2-Chlorophenol
2-Nitrophenol
2,4-Dimethylphenol
2,4-Dichlorophenol
4-Chloro, 3-Methylphenol
2,4,6-Trichlorophenol

. 2,4-Dinitrophenol

4-jitrophenol

. 4,6-Dinitro, 2-Methylphenol

. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Corr Conc

<MDL
<MbL
<MDL
<DL
<MDL
<MDL
<MDL
<DL
<MDL
<MDL
<MDL

35.5%
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Result Summary Sheet

Submitter IU: Burns and McDonnel # D-€5 ©OR
ETSRC IU: 5120520 R. Data File: 5120520

Sample Matrix: Water

Analytes: Priority poliutant phenols

Method: EPA60U4 - GC/MS

Date Recieved/Analyzed: Dec. 1986/Jan. 1, 1986
Analyst: _ Carl Orazio

Quantity
Compound _mle_ Scan # Area Conc Corr Conc
Phenol <MDL
2-Chlorophenol <ol
2-Nitrophenol <MLL
2,4-Dimethylphenol . <MbL
2,4-vichlorophenol <MDL
4-Chloro, 3-Methylpheno] <MDL
2,4,6-Trichlorophenol <MDL
2,4-Dinitrophenol <MDL
. 4-ilitrophenol <MDL
4,6-Dinitro, 2-Methylphenol <MDL
. Pentacnlorophenol <MDL
Phenol D-5 (Surrogate) rec 21.3%
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Submitter ID: Burns and McDonnel # D-37 ¢eR
ETSRC Iu: 5120521 k. bata File:
Sample Matrix: Water

Analytes:

Priority pollutant phenols

Methou:

EPA6U4 - LC/MS

Date Recieved/Analyzed:
Carl Orazio

Analyst:

Dec. 1986/Jan. 1, 1986

Coone. Lnals: mAC3jL_

Compound

Phenol
2-Chlorophenol

. 2-Nitrophenol

2,4-Dime thylphenoi
2,4-Uichlorophenol
4-Chloro, 3~Methylphenol

. 2,4,6~-Trichlorophenol

2,4-Dinitrophenol

. 4-Nitrophenol

. 4,6-Dinitro, 2-Methylphenol
. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Quantity
m/e Scan # Area

51205¢1

Conc

Corr Conc

<MDL
<MulL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL

20.6%




i
1
1
i
1
|
|
I
]
|
I
1
|
1
|
"
i

|

23.
24.
25.
Z6.
27.
Z8.
29.
30.
31.
32.

33.

34.
35.
36.

38.

39.

40.
41,

42.

37.

Compound

4-sromophenylphentyl ether
Hexacnlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
benz[a]anthracene
3,3'-bichlorobenzidine
Chrysene
Bis[2-ethylhexyllphthalate
Di-n-Octylphthalate
Benzo[b]Fluoranthene
Benzo[kJFluoranthene
Benzola JPyrene
1,2-Diphenylhydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Nitroso-n-propylamine

quantity
m/e

248
284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

71
184
204

70

Scan #

Area

Conc

Corr
Conc

Spk
Conc

2403

2838

3379
3452

3753

18634

23796

23610
2961

17421

21.7

68.0
2.7

2l.4

<MDL
<MDL
16.4
<MDL
<MuL
23.3
<MUL
<MDL
<MDL
<MDL
73.1
2.90
<MDL
23.0
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL

20.0

20.0

75.0

20.0
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Compound

Anthracene D-10
Chrysene D-12

Compound

SURROGATE RESULTS

guantity
m/e
188
240

Tentatively Identified Compounds

Scan #

Scan #
2410
3372

NBS
LIB
FIT

Area
110,948
98,791

Base

m/e

Det Spiked
Conc Conc
91.4 100,90
96.0 100.0
Area Est Conc
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Environmental Trace Substances Research Center

Sample Source: ETSRC AG/qC
Submitter I1u#:

£TSRC ID#: 51095 1Reagent Blank
Sample Matrix: HWater
Method: U.S.E.P.A.

Date Received:

#625

January 22, 1960
Carl Orazio

Date Analyzed:
Analyst:

Compound
Bis[2-ChioroethylJether
1,3-Dichlorobenzene
1,4-Dichlorobenzene

. 1,2-Dichlorobenzene

Bis[2-Chlorophropy1]ether
Hexachloroethane
Nitrobenzene

. Isophorone

Bis[2-Chloroethoxy Jmethane
Trichlorobenzene

. Naphthalene

. Hexachlorobutadiene

. Hexachlorocyclopentadiene
. 2-Chloronaphthalene

. Acenaphthylene

. Dimethylphthalate

. Acenaphthene

. Z,4-Dinitrotoluene

Fluorene

. Diethylphthalate
. N-Nitrodiphenylamine
. 4-Bromophenyliphentyl ether

Base Neutral Result Sheet

Data File#:

Conc. Units:

Quantity
m/e

93
146
146
146

45
117

77

82

93
180
128
225
237
162
152
163
154
lo5
166
149
169
248

Scan #

BN51205Rb

mcy/L

Area

Conc

Corr Conc

<MDL
<MLL
<MDL
<MDL
<MDL
<MLL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.

41.

42,

Compound

Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-Butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
Benz[aJanthracene
3,3'-Dichlorobenzidine
Chrysene
Bis[2-ethylhexyl]phthalate
Di-n-Octylphthalate
Benzo[b]Fluoranthene
Benzo[kJFl1uoranthene
Benzo[a]Pyrene
1,2-Diphenyihydrazine
Benzidine

4-Chlorophenyl phenyl ether
N-Hitroso-n-propylamine

Quantity
m/e

284
178
178
149
202
202
149
228
252
228
149
149
252
252
252

717
184
204

70

Scan #

3453

Area

9480

Conc

Corr Conc

3.5

<MDL
<MDL
<MDL
<MbL
<MBL
<MDL
<MDL
<MDL
<MDL
<MBL

3.5
<MDL
<MDL
<DL
<MDL
<MDL
<MDL
<MDL
<MDL
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RESULT SUMMARY SHEETS

VOLATILE PRIORITY POLLUTANTS
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SUMMARY OF POLYCHLORINATED BIPHENYLS AND CHLORINATED PESTICIDE RESIDUE CONCENTRATIONS

(ng/L)
Hepta- Aroclor} Aroclor{ Aroclor

HCB chlor Aldrin| pp'DDE 1242 1254 1260
85120513
S-510R <2.0 <2.0 <2.0 10.6 <50.0 <50.0 <50.0
85120514
I-590R <2.0 <2.0 <2.0 11.6 <50.0 <50.0 <50.0
85120515
S-800R <2.0 <2.0 <2.0 25.0 <50.0 <50.0 <50.0
85120516 {
D-810R . { <2.0 <2.0 <2.0 12.5 <50.0 <50.0 <50.0
85120517
S-820R ‘ 29.3 <2.0 <2.0 37.3 <50.0 <50.0 <50.0
85120518
D830R <2.0 <2.0 <2.0 <5.0 <50.0 <50.0 <50.0
851205519
S840R <2.0 <2.0 <2.0 5.1 <50.0 <50.0 <50.0
85120520
D-850R <2.0 <2.0 <2.0 <5.0 <50.0 <50.0 <50.0
85120521
D-870R <2.0 <2.0 <2.0 14.0 <50.0 <50.0 <50.0
85120522
S-880R 8.5 <2.0 <2.0 6.2 <50.0 <50.0 <50.0




SUMMARY OF POLYCHLORINATED BIPHENYLS AND CHLORINATED PESTICIDE RESIDUE CONCENTRATIONS

(ng/L)
Hepta- Aroclor| Aroclor| Aroclor

HCB chlor Aldrin| pp'DDE 1242 1254 1260
fr ===
851205523
D-890R 8.2 <2.0 <2.0 117.0 <50.0 <50.0 <50.0
85120524
D-900R 31.4 <2.0 <2.0 <5.0 <50.0 <50.0 <50.0
85120525
D-910R 48.8 <2.0 <2.0 36.4 <50.0 <50.0 <50.0
85120526
D-920R fr 9.3 <2.0 <2.0 23.3 <50.0 <50.0 <50.0
85120527
D-930R “ 3.8 <2.0 <2.0 <5.0 <50.0 <50.0 <50.0
85120528
D-940R L15.7 <2.0 <2.0 <5.0 <50.0 <50.0 <50.0

I
85120529
D--950K 5.4 <2.0 <2.0 <5.0 <50.0 <60.0 | <50.0
il
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SUMMARY OF CHLORINATED PESTICIDE RESIDUE COMCENTRATIONS ng/L (parts per trillion)

_ Hept. Chlor- Methoxy-
aBHC yBHC B8BHC SBHC Epox. danes |Dieldrin |} Endrin | pp'DDD |pp'DDT chlor

85120513

S-510R 5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120514

I-590R <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120515

S-800R <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120516

D-810R I <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120517

S-820R <5.0 100.0 <10.0 <10.0 <5.0 258.0 14.6 <5.0 658.0 <10.0 <20.0
85120518

D-830R <5.0 <5.0 <10.0 504.0 | <5.0 72.4 18.8 <5.0 197.0 50.6 <20.0
85120519

S-840R <5.0 <5.0 <10.0 312.0 <5.0 89.0 <5.0 140.0 <10.0 <10.0 <20.0
85120520

D-850R <5.0 <5.0 <10.0 70.0 <5.0 28.5 <5.0 <5.0 <10.0 <10.0 <20.0
85120521 ,

D-870R <5.0 <5.0 <10.0 <10.0 <5.0 23.0 | <5.0 <5.0 <10.0 <10.0 <20.0
85120522

S-880R <5.0 <5.0 <10.0 <10.0 <5.0 23.0 <5.0 <5.0 <10.0 <10.0 <20.0




SUMMARY OF CHLORINATED PESTICIDE RESIDUE COHCENTRATIONS ng/L (parts per trillion)

Hept. Chlor- Hethoxy-

aBHC YBHC BBHC SBHC Epox, danes |Dieldrin | Endrin | pp'DDD {pp'DDT chlor
85120523 '
D-890R <5.0 <5.0 <10.0 <10.0 | <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120524 )
D-900R <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120525 '
D-910R <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120526
D-920R <5.0 <5.0" <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120527
D-930R h <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120528
D-940R <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
85120529
D-950R <5.0 <5.0 <10.0 <10.0 <5.0 <15.0 <5.0 <5.0 <10.0 <10.0 <20.0
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Surroyate Kesults

Tentatively Iaentified Compounds

Quantity
Compound “m/e
1. Benzene D-b 84
2. Toluene D-8 100
3. p-Bromofluorobenzene 95
Quantity
Compound m/e
1. Acetone 58

Scan #

5¢8
715
903

Scan #
226

Area

71067
31098
21185

Area

Conc. Corr Conc
31.4 30.0
32.2 30.0
33.5 30.0

Conc. Corr Conc

_Nu-



Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source  Burns & McDonnell

Submi tter ID#: D-87

ETSRC 10#: 85120505 Data File#: YOL505
Sample Matrix: Water

Method: U.S.E.P.A. #624

Date Received: December 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst: C. Orazio

Quantity
Compound m/e Scan # Area Conc. Corr Conc
1. Methylene chloride 84 209 6367 6.0 6.0
2. 1,1 Dichloroethylene 96 <MDL
3. 1,1 Dichloroethane 63 <MDL
4. 1,2 Dichloroethylene 96 <hDL
5. Chloroform 83 <MDL
6. 1,2, Dichloroethane 62 <MDL
7. 1,1,1 Trichioroethane 97 <MDL
8. Carbon tetrachloride 117 <MDL
§. Bromodichloromethane 127 <MDL
10. 1,2 bichloropropane 65 <MDL
11. 1.3 vichloropropylene 75 <MDL
1z. Trichloroethylene 130 <DL
13. Benzene 78 <MbL
14. cis 1,3 Dichloropropylene 75 <MDL
15. 1,1,2 Trichloroethane 97 <MDL
lo6. Dibromochlorone thane 127 <MDL
17. 2 Chloroethylvinyl ether 63 <MDL
18, Broumoform 173 <MDL
19. Tetrachloroethylene 164 <MLL
20. 1,1,2,2 Tetrachloroethane 83 <MDL
21. Toluene 92 <MDL
22. Chlorobenzene 112 <MbL
Z23. Ethylbenzene 91 <MDL




)

Surrogate Results

uantity
Compound /e Scan # Area
. Benzene D-8 84 528 65302
2. Toluene D-§ 10v 715 27951
3. p-Bromofluorobenzene 95 905 17151

Tentatively Identified Compounds

Quantity
Compound m/e Scan # Area
1. Acetone 58 228 184247

Conc. Corr Conc
28.8 <MOL
28.4 <MDL
27.4 <MDL
Conc. Corr Conc
_NQ..



Environmental Trace Substances Research Center
Yolatile Result Summary

Sample Source: Burns & McDonnell

Submitter Io#. D-u85

ETSRC 1D#: 85120504 Data File#. V0oL504
Sample Matrix. Water

Method: U.S.E.P.A. #624

Date Received: December 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst. C. Orazio

Quantity
Compound _m/e Scan # Area
1. Methylene cnloride 84 209 6947
2. 1,1 Dichloroethylene 96
3. 1,1 bichloroethane 63
4, 1,2 Dichloroethylene 96
5. Chloroform 83
6. 1,2, Lichloroethane 62
7. 1,1,1 Trichloroethane 97
8 Carbon tetrachloride 117
9. Bromodichloromethane 127
10. 1,2 Dichloropropane 65
11. 1,3 Dichloropropylene 75
12. Trichloroethylene 130
13. Benzene _ 78
14, cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
1o. Dibromochlorome thane 127
17. 2 Chloroethylvinyl ether 63
18. Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene - 92
22. Chlorobenzene 112
23. Ethylbenzene 91

Conc.

Corr Conc

6.6

6.3
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL

<MDL
<MDL

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL




-" -‘

- . .
& 2 !

Compound
1. Acetone

Surrogate Results

yantity

Compound ‘m/e

1. Benzene D-8 84
2. Toluene D-38 100
3. p-Bromofluorobenzene 95

Tentatively Identified Compounds

Qantity
‘m/e
58

Scan #

528
7i6
904

Scan #

226

Area

78043

34953
2311

Area

17749

Conc. Corr Conc
34.4 30.0
35.5 30.0
36.9 30.0
Conc. Corr Conc
..NA-



Environmental Trace Substances Research Center

Sample Source: Burns & McDonnell
Submitter IU#: S-b4

ETSKC Iu#: 85120503

Sample Matrix: HWater

Method: U.S.E.P.A. #624

bate Received: Uecember 17, 1985
Date Analyzed:

Analyst: C. Orazio

Compound

Methylene chloride
1,1 Dichloroethylene
1,1 bichloroethane
1,2 Lichloroethylene
Chloroform

1,2, Dichloroethane
1,1,1 Trichloroethane

Carbon tetrachloride
Bromodichloromethane

s e &+ & s 2 . e =

—
<
L]

1,2 Dichloropropane

p—
—

. 1,3 vichloropropylene

—
N

. Trichloroethylene

-
w

. Benzene

14, cis 1,3 Lichloropropylene
15. 1,1,2 Tricnloroethane

16, bLibromochlorome thane

17. 2 Chloroethylvinyl ether

18, 8romoform

19, Tetrachloroethylene

20. 1,1,2,2 Tetrachloroethane
21. Toluene

22. Chlorobenzene

23. Ethylbenzene

Volatile Result Summary

guantity
84
96
63
46
83
62
97

117
127

b5
75
130
78

97
127
63
173
l64
83
92
112
91

vata File#: ToL503

Conc. units: mcg/L

Scanm # Area
211 6248

Conc.

Corr Conc

5.9

6.1
<MDL
<MDL
<MDL
<MbL
<MLL
<MDL

<MbL
<MDL

<MDL
<MDL
<MDL
<MLL
<MDL
<MBL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL
<MDL
<MDL




surrogate Results

Quantity
Compound _mle Scan # Area
1. Benzene U-8 84 528 77305
Toluene D-8 100 710 33920
3. p-Bromofluorobenzene 95 904 27581

Tentatively Identified Compounds

Compound Qu%751ty Scan # Area
. Acetone 58 2206 131557

Conc.

34.1
34.4
45.8

Conc.

-NQ_

Corr Conc

torr Conc



Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source  Burns & MclUonnell

Submitter ID#: D-83

ETSRC ID#: 85120502 Data File#: VoL 502
Sample Matrix: Water

Method: U.S.E.P.A. #624

Date Receivea. December 17, 1985

Date Analyzed: Conc. units: mcy/L
Analyst. C. Orazio

Quantity
Compound _m/e_ Scan # Area
1. Methylene chloride 84 210 66538
2. 1,1 Dichloroethylene 96
3. 1,1 bichloroethane 63
4. 1,2 Dichloroethylene 96
5. Chloroform 83
6. 1,2, Dichloroethane 62
7. 1,1,1 Trichloroethane 97
8. Carbon tetrachloride 117
9. Bromodichloromethane 127
10. 1,2 bichloropropane 65
11. 1,3 vichloropropylene 75
12. Trichloroethylene 130
13. Benzene 78
14, cis 1,3 bichloropropylene 75
15. 1,1,2 Trichloroethane 97
16. Dibromochlorome thane 127
17. 2 Chloroethylvinyl ether 63
18. Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
22. Chlorobenzene o112
23. Ethylbenzene 91

Corr Conc

55.2

<MDL
<MDL
<MDL
<MDL
<HuL
<MDL
<MDL
<MDL
<ML
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL




Surrogate Results

Tentatively Identified Compounds

Quantity
compound n/e
1. Benzene D-8 84
2. Toluene D-8 100
3. p-Bromofluorobenzene 95
Quantity
Lompound m/e
1, Acetone 58

Scan #

527
714
903

Scan #

226

Area

57577
24133
17133

Area

Conc. Corr Conc
25.4 30.0
24.5 30.0
27.4 30.0

Conc., Corr Conc

-Ny-



Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source: Burns & McDonnell

Submitter IbL#: D-9U

ETSRC Ib#: 85120507 Data File#: OL507
Sample Matrix: MWater

Method: U.S.E.P.A. #624

Date Received: ULecember 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst: C. Orazio

Quantity
Compound _m/e Scan # Area

1. Methylene chloride 84 209 96851
2. 1,1 Dichloroethylene 96
3. 1,1 Dichloroethane 63
4, 1,2 vichloroethylene 96
5. Cnloroform 83
6. 1,2, Dichloroethane 62
7. 1,1,1 Trichloroethane 97
8. Carbon tetrachloride ' 117
9. Bromodichloromethane 127
10. 1,2 Dichloropropane 65
11. 1,3 Dichloropropylene 75
12. Trichloroethylene 136
13. Benzene 78
14, cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
16. Dibromochlorome thane 127
17. 2 Chloroethylvinyl ether 63
18, Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
2¢. Chlorobenzene 112
23

. Ethylbenzene 91

Conc.

Corr Conc

75.7

83.2
<MDL
<MDL
<MUL
<HDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MUL
<MDL
<MDL
<DL
<MDL
<MDL
<HbL
<MDL
<MDL
<MDL
<MDL




Surrogate Results

Quantity
Compound _EZS_. Scan #
. Benzene D-8 84 527
. Toluene L-& 100 715
. p-Bromofluorobenzene 85 904

Tentatively Identified Compounds

Quantity
Compound m/e Scan f#
1. Acetone 58 230
. 2-itethylhep tadienedusl 71 333
. Hexane 488

Area
107515

50046

25339

Area
3842

Conc. Corr Conc
42.5 30.0
42.6 30.0
31.1 30.0

Conc. Corr Conc
'NQ'

-NQ-

-NQ..



Environmental Trace Substances kesearch Center
Volatile Result Summary

Sample Source: Burns & McDonnell
Submitter ID#: D-92

ETSKC Iu#: 85120509 Data File#: VOL509
Sample Matrix: Water

Method: U.S.E.P.A. #624

bate Received: becember 17, 1985

Date Analyzed: Conc. Units: mcg/L

Analyst: C. Urazio

Quantity
Compound _f/e Scan # Area Conc. Corr Conc
1. Methylene chloride 84 211 45017 35.2 51.0
2. 1,1 Dichloroethylene 96
3. 1,1 Dichloroethane 63
4., 1,2 Dichloroethylene 96
5. Chloroform 83
6. 1,2, Dichloroethane 62
7. 1,1,1 Trichloroethane 97
8. Carbon tetrachloride 117
9. Bromodichloromethane 127
10. 1,2 Dichloropropane 65
11. 1,3 Dichloropropylene 75
12. Trichloroethylene 130
13. Benzene 78
14, cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
16. Dibromochlorome thane 127
17. 2 Chioroethylvinyl ether 63
18. Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
22, Chlourobenzene 112
23. Ethylbenzene 91




Compound

. Acetone

Surrogate Results

Quantity
Compound “mfe
Benzene D-8 84
2. Toluete D-8 100
. p-Bromofluorobenzene 95

Tentatively Identified Compounds

(uantity
m/e

71

Scan #

527
715
904

Scan #

332

Area

59317
25144
15144

Area

Conc.

torr Conc

26.
25.
24.

N Oy N

€onc.

torr Conc

_NQ_



Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source: Burns & Mcuonnell

Submitter Iu#: D-91

ETSRC Iu#: 85120508D Data File#: VoL 508D
Sample Matrix: Water

Method: U.S.E.P.A. #624

Date Received: December 17, 1985

Date Analyzed: Conc. Units: meg/L

Analyst: C. Orazio

Quantity
Compound _mle_ Scan # Area Conc. Corr Conc

1. Methylene chloride 84 210 3842 3.0 2.1
2. 1,1 Dichloroethylene 96 <MLL
3. 1,1 bichloroethane 63 <MDL
4. 1,2 Vichloroethylene 96 <MDL
5. Chloroform 83 <MOL
6. 1,2, bichloroethane 62 <MDL
7. 1,1,1 Trichloroethane 97 <MDL
8. Carbon tetrachloride 117 <MbL
9. Bromodichloromethane 127 <MDL
10. 1,2 Dichloropropane 65 <MbL
11. 1,3 Dichloropropylene 75 <MDL
12. Trichloroethylene 130 <DL
13. Benzene 78 <MDL
14, cis 1,3 Dichloropropylene 75 <MDL
15. 1,1,2 Trichloroethane 97 <MDL
16. Dibromochlorome thane 127 <MDL
17. 2 Chloroethylvinyl ether 63 <MDL
16. Bromoform 173 <MDL
19, Tetrachloroethylene 164 <MDL
2u. 1,1,2,2 Tetrachloroethane 83 <MDL
21. Toluene ' 92 <MDL
22, Chlorobenzene 112 <MUL

<MDL

23. Ethylbenzene 91




ComEound

. Acetone

Surroyate Results

Quantity
Compound _mie Scan #
1. Benzene U-8 84 527
2. Toluene D-b 100
p-Bromofluorobenzene 95

Tentatively Identified Compounds

Quantity
m/e Scan #
58

Area

69199
27544
18556

Area

Conc, Corr Conc
27.3 30.0
23.4 30.0
22.7 30.0

Conc, corr Conc




Environmental Trace Substances Research Center
Yolatile Result Summary

Sample Source: Burns & McDonnell
Submi tter ID#: D-91

ETSRC I0#: 85120505 bata File#: VoL508
Sample Matrix: Water

Method: U.S.E.P.A. #624

Date Received: December 17, 1985

Date Analyzed: Conc. Units: mcg/L

Analyst: C. Orazio

Quantity
Compound _le Scan # Area Conc. Corr Conc
1. Methylene chloride 84 209 i764 1.4 1.6
2. 1,1 Dichloroethylene 90 <MDL
3. 1,1 Dichloroethane 63 <MDL
4, 1,2 bichloroethylene 96 <MDL
5. Chloroform 83 <MDL
6. 1,2, Dichloroethane 62 <MbL
7. 1,1,1 Trichloroethane 97 <MUL
8. Carbon tetrachloride 117 <MDL
9. Bromodichloromethane 127 <MDL
16. 1,2 Uichloropropane 65 <MbL
11. 1,3 Dichloropropylene 75 <MDL
12. Trichloroethylene 130 <MDL
13. Benzene 78 <MDL
14. cis 1,3 Dichloropropylene 75 <MUL
15. 1,1,2 Trichloroethane 97 <MDL
16. Dibromochlorone thane 127 <bL
17. 2 Chloroethylvinyl ether 63 <MLL
18. Bromoform 173 <MDL
19. Tetrachloroethylene 164 <MDL
20. 1,1,2,2 Tetrachloroethane 83 <MDL
21. Toluene 92 <MDL
22. Chlorobenzene 112 <MDL
23. Ethylbenzene 91 <MDL




Surrogate Results

Quantity
Compound _mje_ Scan # Area Corrc. Corr Lonc
1. Benzene D-8 84 528 56116 22.8 30.0
Z. Toluene D-& 100 714 22087 19.3 30.0
3. p-Bromofiuorobenzene 95 904 15317 18.8 30.0

Tentatively Identified Compounds

Quantity
Compound ‘m/e

1. Acetone 58

Scan # Area conc. Corr Conc




Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source: Burns & McDonnell
Submi tter ID#: b-95

ETSKC IU#: 5120512 Data File#: VOLSI2
Sample Matrix: MWater

Methoa: U.S.E.P.A. #624

Late Received: December 17, 1985

Date Analyzed: Conc. Units: mcg/L

Analyst: (€. Orazio

Quantity
Compound . ;EME_. Scan # Area Conc., Corr Conc
1. Methylene chloride 84 211 14849 11.6 10.3
2. 1,1 Dichloroethylene 96 <DL
3. 1,1 bichloroethane 63 <MDL
4. 1,2 vichloroethylene 96 <MDL
5. Chloroform 83 <kHDL
6. 1,2, UDichloroethane 62 <MDL
7. 1,1,1 Trichloroethane 97 <MDL
8. Carbon tetrachloride 117 <MDL
9. Bromodichloromethane 127 <MDL
10. 1,2 Dichloropropane 65 <MDL
11. 1,3 Dichloropropylene 75 <MDL
12. Trichloroethylene 130 <MbL
13. Benzene 78 <MDL
14, cis 1,3 vichloropropylene 75 <MDL
15. 1,1,2 Trichloroethane 97 <MDL
16. Dbibromochlorome thane 17 <MDL
17. 2 Chloroethylvinyl ether 63 <MDL
18. Bromoform 173 <MDL
19. Tetrachloroethylene 164 <MDL
20. 1,1,2,2 Tetrachloroethane 83 <MDL
21, Toluene 92 <MDL
22. Chlorobenzene 112 <MDL
23. Ethylbenzene 51 <MDL




Compound
. 1,3-Oxathiolane

Surrogate Results

Quantity
Compound _n/e
. Benzene D-8 84
2. Toluene D-8 100
. p-Bromofluorobenzene 95

Tentatively ldentified Compounds

Quantity
‘m/e

60

Scan #

528
714
903

Scan #

475

47338
18824
13356

Area
-NQ-

Conc.

18.7
16.0
23.1

Conc.

Corr Conc

30.0
30.0
30.0

Corr Conc



Environmental Trace Substances Research Center
Yolatile Result Sumimary

Sample Source: Burns & McDonnell

Submitter ID#: D-94

ETSRC I[0#: 85120511 Data File#: YOL 51|
Sample Matrix: HWater

Method: U.S.E.P.A. #624

Date Received: Uecember 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst: C. Orazio

Quantity
Compound m/e Scan # Area
1. Methylene chloride 84 210 2333
2. 1,1 Dichloroethylene 96
3. 1,1 Dichloroethane 63
4, 1,2 vichloroethylene 56
5. Chloroform 83
6. 1,2, bichloroethane 62
7. 1,1,1 Trichloroethane 97
8. Carbon tetrachloride 117
9. Bromodichloromethane 127
10. 1,2 Dichloropropane 65
11. 1,3 Dichloropropylene 75
12. Trichloroethylene 130
13. Benzene 78
14. cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
1o, Dibromochloromethane 127
17. 2 Chloroethylvinyl ether 63
18. Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
-¢2. Chlorobenzene 112
23. Ethylbenzene 91

conc.

Corr Conc

9.1

11.9
<MDL

<MDL
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<HDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

<MbL
<MDL

<DL
<MLL
<MDL
<MDL

Il N BN B BN N BN ay e N B mE e I I BN B B e
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3

L

Compound

. Acetone

Surrogate Results

Quantity
Compound ‘m/e
. Benzene D-8 84
2. Toluene D-8 160
. p-Bromofluorobenzene 95

Tentatively Identified Compounds

(juantity
‘m/e

258

Scan #
529
715
906

Scanm #

Area

53020
21994
14013

Area

Conc. Corr Conc
20.9 30.0
18.7 30.0
17.2 30.0

Conc. Corr Conc




Environmental Trace Substances Research Center
Yolatile Result Summary

Sample Source: Burns & McDonnell
Submi tter IU#: D-93
ETSRC IU#: 85120510 Data File#: 7oL 510

Sample Matrix: Water
Method: U.S.E.P.A. #0624

Date Received: December 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst: C. Orazio

Quantity
Compound ‘m/e Scan # Area Conc. Corr Conc
1. Methylene chloride 84 211 1731 6.8 10.9
2. 1,1 Dichloroethylene 96 <MDL
3. 1,1 Dichloroethane 63 <MDL
4. 1,2 bLichlorvethylene 96 <MDL
5. Chloroform 83 <MDL
6. 1,2, Dichloroethane 6 <MDL
7. 1,1,1 Trichloroethane 97 <MDL
8. Carbon tetrachloride 117 <MDL
9. Bromodichloromethane 127 <MDL
10. 1,2 Dichloropropane 65 <MDL
11. 1,3 Dichloropropylene . 75 <MDL
12. Trichloroethylene 130 <DL
13. Benzene 78 <MLL
14, cis 1,3 Dichloropropylene 75 <MDL
15. 1,1,2 Trichloroethane 97 <MDL
16. vibromochlurome thane 127 <MDL
17. 2 Chiloroethylvinyl ether 63 <MDL
18. Bromoform 173 <MDL
19. Tetrachloroethylene 164 <MLL
20. 1,1,2,2 Tetrachloroethane 83 <HDL
21, Toluene 92 <MDL
22. Chlorobenzene 112 <MDL
23. Ethylbenzene ' 91 <MDL




Surrogate Results

Guantity
Compound m/ e Scan # Area Conc. Corr Conc
. Benzene D-8 84 529 53927 21.3 30.0
. Toluene D-8 100 716 24314 20.7 30.0
. p-Bromofluorobenzene 95 906 15796 19.4 30.0

Tentatively Identified Compounds

Quantity
Compound ‘m/e Scam # Area Conc. Corr Lonc



GROSS ALPHA AND BETA

1985

DECEMBER,




F:"E".‘ Controls for Environmental Pollution, Inc. e B0 O G
: g . P.0O. BOX S351 @ Santa Fe. New Mexico 87502 OUT OF BTATE 8001545-21 =]
PAGE 2 REPORT OF ANALYSIS LAB # B3-12-4&2
SAMPLE IDENTIFICATION DATE COLLECTED  TYPE OF ANALYSIS pCi/lifer
D 83 12/712/89 Gross Alpha .
Gross Beta 31+/-20
D 85 12/11/89 Gross Alpha 17+/-13
Gross Beta 23+/-10
D 72 12/712/89 | Gross Alpha 19+/-13
Gross Beta 11+/-10
S 84 12/711/85 Gross Alpha 270+/-114

Gross Beta 171+/-28



PRIORITY POLLUTANTS
MAY, 1986




ENVIRODYNE T T—
ENGINEERS S Lous, Mssouri 3146

REFORT OF ANALYSIS

CLIENT: BURNS AND McDONNELL REPORT; DATE: July 8,1386
P.0. Box 173 SAMPLE! ANALYZED: 18 groundwater samples

Kansas City, Missouri 64141 for priority pollutants.

ATTN: Ms. Mary Erio .
DATE RECEIVED:  May 20 & 21,1986

PROJ. #: 3060-00377 METHODS USED:  EPR Approved Methods
P.0. ¥: '
DETECTION ;
VOR COMPOUND LIMITS S5t  S-80  D-83 D89  D-90
tug/1)  tug/1)  (ug/l)  (ug/l)  (ug/D (ug/1)
BENZENE 5 ND ND ND ND ND
BROMOFORM 10 ND N ND ND ND
CARBON TETRACHLORIDE 5 ND ND' ND ND ND
CHLOROBENZENE 5 ND N ND ND N
CHLORGDIBROMOMETHANE 5 ND ND - ND ND ND
CHLOROETHANE 10 ND ND ND ND ND
2-CHLORDETHYLVINYL ETHER 10 ND ND ND ND ND
CHLOROFORM 5 ND ND ND ND ND
DICHLOROBRONGMETHANE S ND ND- ND ND ND
1, 1-DICHLOROETHANE 5 ND ND ND ND ND
1,2-DICHLOROETHANE 1 ND ND- ND ND ND
1, 1-DICHLORDETHYLENE 5 ND ND ND ND ND
1,2-DICHLORGPROPANE 10 ND ND ND ND ND
1, 3-DICHLOROPROPYLENE 5 ND ND ND ND ND
ETHYL BENZENE 5 ND ND ND ND ND
METHYL BROMIDE 10 ND ND ND ND ND
METHYL CHLORIDE 10 D ND ND ND ND
METHYLENE CHLORIDE 5 ND ND ND 10 6
1,1, 2, 2-TETRACHLOROETHANE 10 ND ND ND ND ND
TETRACHLOROETHYLENE 5 ND ND ND ND ND
TOLUENE 5 ND ND ND ND ND
1,2-TRANS-DICHLORCETHYLENE 5 ND ND ND ND ND
1,1, 1-TRICHLOROETHANE 5 ND ND ND ND ND
1,1, 2-TRICHLOROETHANE 5 ND ND ND ND ND
TRICHLORCETHYLENE 5 ND ND ND ND ND
TRICHLORCFLUOROMETHANE 5 ND ND ND ND ND
VINYL CHLORIDE 10 ND ND ND ND ND
SURROGATE CONPOUNDS PERCENT PERCENT PERCENT PERCENT PERCENT
RECVRY RECVRY RECVRY RECVRY  RECVRY
1,2-DICHLOROETHANE-D4 97 %8 9 a7 94
TOLUENE-D8 89 87 85 104 98
p-BFB 93 30 % 122 108

ND = None Detected.

PRGE 1 OF 19




ENVIRODYNE
ENGINEERS

REPORT OF ANALYSIS — FAGE =
CLIENT: BURNS AND McDONNELL
P.0. Box 173
Kansas City, Missouri 64141
ATTN: Ms. Mary Erio
3060-00377

DETECTION
VOA COMPOUND LIMITS D-91 D-32 I-59 1-66 p-81
fug/1)  {ug/1)  (ug/1)  (ug/l)  f(ug/1}  {ug/l)

ND
ND
ND
ND
ND

BENIENE
BROMOFORM

CARBON TETRACHLORIDE
CHLOROBENZENE

CHLORODI BRONGHETHANE
CHLORDETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLOROBROMOMETHANE

1, 1-DICHLORDETHANE
1,2-DICHLORCETHANE

1, 1-DICHLOROETHYLENE
1,2-DICHLOROPROPANE

1, 3-DICHLOROPROPYLENE
ETHYL BENZENE

METHYL BROMIDE

METHYL CHLORIDE
METHYLENE CHLORIDE

1,1, 2, 2-TETRACHLOROETHANE
TETRACHLORGETHYLENE
TOLUENE

1, 2-TRANS-DICH.OROETHYLENE
1,1, 1~TRICHLOROETHANE
1,1, 2~TRICHLOROETHANE
TRICHLORDETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

(4] — -
b= 5o 80\*‘(}\ UOOUIMUIOU'I

N U AN =W =W
EEEEE555E56CECE&E5658565558888

EEEEEEEEEEEEEC5556565E586868868
EEE555858585.55585685885&85855&858688888
EEEEEE5EEC66558585585666685888668

EEEEEEE5E5E66E585856885858685¢8

—
<

SURROGATE COMPOUNDS PERCENT PERCENT PERCENT PERCENT PERCENT
RECVRY  RECVRY RECVRY RECVRY  RECVRY

1, 2-DICHLOROETHANE-D4 100 R % % 91
TOLUENE-D3 103 9% 105 105 103
p-BFB 116 110 106 108 105

ND = None Detected.
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ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS — FPAGE 3
CLIENT: BURNS AND McDONNELL ‘
P.D. Box 173
Kansas City, Missouri 64141
ATTN: Ms. Mary Erio

3060-00377
DETECTION

VOA COMPOUND LIMITS S-82  S-84 D-85  D-87  D-88

(wg/D  (ug/D)  (ug/D) (ug/D) (ug/l)  (ug/D)
BENZENE 5 ND ND! ND ND ND
BROMOFDRM 10 N ND ND ND ND
CARBON TETRACHLORIDE 5 ND ND ND ND ND
CHLOROBENIENE 5 ND ND. ND ND ND
CHLORODIBROMONETHANE 5 ND ND, ND ND ND
CHLORGETHANE 10 N ND ND ND ND
2-CHLOROETHYLVINYL ETHER 10 M ND ND ND ND
CHLOROFORM 5 ND ND ND ND ND
DICHLOROBRONOMETHANE 5 D ND ND ND ND
1, 1-DICHLOROETHANE 5 ND ND ND N ND
1,2-DICHLORCETHANE ! ND ND' ND ND ND
1, 1-DICHLOROETHYLENE 5 ND ND ND ND ND
1,2-DICHLOROPROPANE 10 M ND ND ND ND
1, 3-DICHLORGPROPYLENE 5 ND ND ND ND ND
ETHYL BENZENE 5 ND ND ND ND ND
METHYL BROMIDE 10 M ND- ND ND ND
METHYL CHLORIDE 10 0 ND ND ND ND
METHYLENE CHLORIDE 5 ND ND ND ND ND
1,1,2,2-TETRACHLOROETHE 10 ND ND ND ND ND
TETRACHLORDETHYLENE 5 D ND ND ND ND
TOLUENE 5 ND ND ND ND ND
1,2-TRANS-DICHLOROETHYLENE 5 ND ND ND ND ND
1,1, 1-TRICHLOROETHANE .S ND ND ND ND ND
1,1, 2-TRICHLOROETHANE 5 ND ND ND ND ND
TRICHLOROETHYLENE 5 ND ND ND ND ND
TRICHLOROFLUOROMETHANE 5 ND ND ND ND ND
VINYL CHLORIDE 10 N ND ND ND ND
SURROGATE CONPONDS PERCENT PERCENT PERCENT PERCENT PERCENT

RECVRY RECVRY RECVAY RECVRY  RECVRY
1,2-DICHLOROETHANE-D4 -9 % 87 85 87
TOLUENE-DB 105 105 106 - 108 104
p-BFB 109 107 110 11 110
ND = Nore Detected.
PASE 3 OF 19




ENVIRODYNE
ENGINEERS

REFPORT OF ANALYSIS — FPAGE 49
CLIENT: BURNS AND McDONNELL
P.0. Box 173
Kansas City, Missouri 64141
ATIN: Ms. Mary Erio
3060-00377

DETECTION
VOA COMPOUND LIMITS D-93 D-94 D-93 L.BK. L.BK
(ug/1}  (ug/1)  (ug/1}  (ug/l)  lug/l)  (ug/l)

BENZENE

BROMOFORM

CARBON TETRACHLORIDE
CHLOROBENZENE
CHLORODIBROMONETHANE
CHLOROETHANE
2-CHLORCETHYLVINYL ETHER
CHLOROFORM
DICHLOROBRONOMETHANE

1, 1-DICHLORDETHANE
1,2-DICHLORDETHANE

1, 1-DICHLORDETHYLENE
1,2-DICHLOROPROPANE

1, 3-DICHLOROPROPYLENE
ETHYL BENZENE

METHYL BROMIDE

METHYL CHLORIDE
METHYLENE CHLORIDE
1,1,2,2-TETRACHLOROETHANE
TETRACHLOROETHYLENE
TOLUENE

1, 2-TRANS-DICHLORDETHYLENE
1,1, 1-TRICHLORCETHANE
1,1, 2-TRICHLORCETHANE
TRICHLOROETHYLENE
TRICHLOROFLUORGMETHANE
VINYL CHLORIDE

-

o

(S O I BT Rd RS ]
EE56566568805656868656856858888838

5556565655655 55865658655868585868888
EEEEEE56656656656868658655585558668688
EEE585E6E585656855856556685856888
EEEE5EEEEEL5E6EE56568558685888688

—
o

SURRCGATE COMPOUNDS PERCENT PERCENT PERCENT PERCENT PERCENT
RECVRY  RECVRY RECVRY RECVRY  RECVRY

1,2-DICHLOROETHANE-DA 85 86 88 %
TOLUENE-D8 106 i02 102 93
p-BFB 108 106 107 86

meﬁ

8

ND = Nore Detected.
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ENVIRODYNE
ENGINEERS

REFPORT OF ANALYSIS — FAGE S
CLIENT: BURNS AND McDONNELL
P.0. Box 173
Kansas City, Missouri 64141
ATTN: Ms, Mary Erio

3060-00377
DETECTION

ACID COMPOLNDS LIMITS  S-51 5-80 D-83 D-89 D-90

(wg/1)  {ug/D)  (ug/1)  (ug/1)  (ug/l}  (ug/l)
2~CHLOROPHENGL 10 ND ND ND ND ND
2, $-DICHLDRDPHENOL 10 ND ND ND ND ND
2, 4-DIMETHYLPHENOL 10 ND ND . ND ND ND
4, 6-DINITRO-0-CRESOL 20 ND ND - ND ND ND
2, 4-DINITROPHENOL 50 ND ND ND ND ND
2-NITROPHENDL 20 ND ND ND ND ND
4-NITROPHENOL 0 ND ND ND ND - ND
p~CHLORO-»-CRESOL 10 ND ND ND ND ND
PENTACHLORGPHENOL 10 ND ND ND ND ND
PHENOL 10 ND ND ND ND ND
2,4, 6-TRICHLOROPHENOL 10 ND ND ND ND ND

PERCENT PERCENT PERCENT PERCENT PERCENT

SURROGATE COMPOUNDS RECVRY  RECVRY RECVRY RECVRY  RECVRY
2-F-PHENOL 59 45 57 39 104
PHENGL-D6 48 37 20 3t 43
2,4, 6-TRIBROMOPHENOL 84 I4] 78 n 86

DETECTION
LIMITS  S-51 5-80 D-83 D-89 D-%

BASE/NEUTRAL COMPOUNDS /) teg/D (/D) (ug/D) (ug/l) ug/D)

RCENAPHTHENE 10 ND ND ND ND ND
RCENAPHTHYLENE 10 ND ND ND ND ND
ANTHRACENE 10 ND ND ND ND ND
BENZ0{a) ANTHRACENE 10 ND ND ND ND ND
BENZO(a) PYRENE 10 ND ND ND ND ND
3, 4-BENZOFLUORANTHENE 10 ND ND ND ND ND
BENZO(ghi)PERYLENE 10 ND ND ND ND ND
BENZO(k) FLUDRANTHENE 10 ND ND ND ND ND
BIS(2-CHLORCETHOXYIMETHANE 10 ND ND ND ND ND

ND = Not Detected

PABE 5 OF 19




ENVIRODYNE
ENGINEERS

REFPORT OF ANALYSIS — FAGE &
CLIENT: BURNS AND McDONNELL
P.0. Box 173
Kansas City, Missouri 64141
ATTN: Ms. Mary Erio
306000377

DETECTION
BASE/NEUTRAL COMPOUNDS LIMITS  §-31 §-80 D-83 D-89 b-s0
CONT'D {ug/1)  (ug/1}  (ug/1)  (ug/l)  (ug/1)  {ug/l)

BIS(2-CHLORDETHYL) ETHER 10 ND ND ND ND ND
BIS(2-CHLORDISOPROPYLIETHER 10 ND ND ND ND ND
BIS (2-ETHYLHEXYL) PHTHALATE 10 ND ND ND 25 ND
4-BROMOPHENYL PHENYL ETHER 10 ND ND ND ND ND
BUTYL BENZYL PHTHALATE 10 ND ND ND ND ND
2-CHLORONAPHTHALENE 10 ND ND ND ND ND
4-CHLOROPHENYL PHENYL ETHER 10 ND ND ND ND ND
CHRYSENE 10 ND ND ND ND ND
DIBENZO(a, h) ANTHRACENE 10 ND ND ND ND ND
1, 2-DICH OROBENZENE 10 ND ND ND ND ND
1, 3-DICHLOROBENZIENE 10 ND ND ND ND ND
1, 4-DICHLORDBENZENE 10 ND ND ND ND ND
3,3'-DICH OROBENZIDINE 20 ND ND ND ND ND
DIETHYL PHTHRLATE 10 ND ND ND ND ND
DIMETHYL PHTHALATE 10 ND ND ND ND ND
DI-n-BUTYL PHTHALATE 10 N ND ND ND ND
2,4-DINITROTOLUENE 10 ND ND ND ND ND
2, 6-DINITROTOLUENE 10 ND ND ND ND ND
DI-n—OCTYL PHTHALATE 10 ND ND ND ND ND
BENZ((b) FLUORANTHENE 10 ND ND ND ND ND
1, 2-DIPHENYLHYDRAZINE 20 ND ND ND ND ND
FLUGRANTHENE 10 ND ND ND ND ND
FLUORENE 10 ND ND ND ND ND
HEXRCHL OROBENZENE 10 ND ND ND ND ND
HEXACHLOROBUTADIENE 10 ND ND ND ND ND
KEXACHLOROCYCLOPENTADIENE 10 ND ND ND ND ND
HEXACHLORGETHANE 10 ND ND ND ND ND
INDENO(1, 2, 3-cd) PYRENE 10 ND ND ND ND ND
[SOPHORCONE 10 ND ND ND ND ND
NAPHTHALENE 10 ND ND ND ND ND
NITROBENIENE 10 ND ND ND ND ND
N-NITROSGDI-n—PROPYLANINE 10 ND ND ND ND ND
N-NITROSODIPHENYLAMINE 10 ND ND ND ND ND
PHENANTHRENE 10 ND ND ND ND ND
PYRENE 10 ND ND ND ND ND
1,2, 4-TRICHLOROBENZENE 10 ND ND ND ND ND
ND = Not Detected
PRGE 6 OF 19
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ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS — FAGE 7
CLIENT: BURNS AND McDONNELL :

P.0. Box 173

Kansas City, Missouri 64141 .

ATIN: Ms. Mary Erio !

3060-00377 ;
BASE/NEUTRAL PERCENT PERCENT PERCENT PERCENT PERCENT
SURRCGATE COMPGUNDS RECVRY  RECVRY RECVRY RECVRY  RECVRY
NITROBENZENE-DS 59 35 66 61 43
2-FLUCROBIPHENYL 67 62 a6 2 48
TERPHENYL-D14 98 73 94 30 107

DETECTION :
PESTICIDES LIMITS  S-51 5-80 D-83 D-89 D~90

(ug/l)  (ug/l} (ug/|l) fug/1)  {ug/l}  (ug/l)

ALDRIN 0,0018 ND ND: ND ND ND
ALPHA-BHC 0.0015 MND ND, ND ND ND
BETA-BHC 0.0023 ND ND ND ND ND
GAMMA-BHC {LINDANE) 0.0019 ND ND ND ND ND
DELTA-BHC 0.0024 ND ND ND ND ND
CHLORDANE 0.0148 ND ND. ND ND ND
4,4'-DDT 0.0028 ND ND ND ND ND
4,4'-DDE 0.0015 ND ND ND ND ND
4,4'-DDD 0.0015 ND ND’ ND ND ND
DIELDRIN 0.0019 ND ND ND ND ND
ALPHA-ENDOSULFAN 0.0027 ND ND ND ND ND
BETA-ENDOSULFAN 0.0017 ND ND ND ND ND
ENDOSULFAN SULFATE 0.0021 ND ND ND ND ND
ENDRIN 0.0022 ND ND ND ND ND
ENDRIN ALDEHYDE 0.0026 ND ND ND ND ND
HEPTACHLOR 0.0019 ND ND ND ND ND
HEPTACHLOR EPOXIDE 0.0013 ND ND ND ND ND
PCB-1242 0.036 ND ND ND ND ND
PCB-1254% 0.013 ND ND ND ND ND
pcB-1221 0.133 ND ND ND ND ND
PCB-1232 0.062 ND ND ND ND ND
PCB-1248 0.023 ND ND ND ND ND
PCB-1260 0.012 ND ND ND ND ND
PCB-1016 0.034 ND ND ND ND ND
TOXAPHENE 0. 437 ND ND ND ND ND
ND = Not Detected K
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ENVIRODYNE

ENGINEERS
REFORT OF ANALYSIS — FAGE B8
CLIENT: BURNS AND McDONNELL REVISED 8/19/86
P.0. Box 173

Kansas City, Missouri 64141
ATIN: Ms, Mary Erio

306000377
DETECTION
ACID COMPOUNDS LIMITS D91 D-% -39 I-B6 D-81
{ug/1)  (ug/1)  (ug/l)  (ug/l) (ug/D) {ug/l)
2-CHLORGPHENGL 10 ND ND ND ND ND
2, 4-DICH.OROPHENOL 10 ND ND ND N ND
2, 4-DIMETHYLPHENGL 10 ND ND ND ND ND
4,6-DINITRO-o-CRESOL 20 ND ND ND ND N
2, 4-DINITROPHENOL 50 ND ND ND ND ND
2-NITROPHENOL 20 ND ND ND ND ND
4-NITROPHENOL 50 ND ND ND ND ND
p~CHLORO—w-CRESOL 10 ND ND ND ND ND
PENTACHLOROPHENGL 10 ND ND ND ND ND
PHENOL 10 ND ND ND ND ND
2, 4, 6-TRICHLOROPHENOL 10 ND ND ND ND ND
PERCENT PERCENT PERCENT PERCENT PERCENT
SURROGATE COMPOUNDS RECVRY RECVRY RECVRY RECVRY  RECVRY
2-F-PHENGL 3 46 48 45 29
PHENOL-D6 26 3 44 38 2
2, 4, 6-TRIBROMOPHENGL 38 S 64 79 29

DETECTION
LIMITS -9 0-32 -39 I-66 D-81

BASE/NEUTRAL COMPOUNDS ug/1)  fug/l)  teg/1) (ug/D) (ug/D) fug/1)

ACENAPHTHENE 10 ND ND ND ND ND
ACENAPHTHYLENE 10 ND ND ND ND ND
ANTHRACENE 10 ND ND ND ND ND
BENZ0(a) ANTHRACENE 10 ND ND ND ND ND
BENZO(a) PYRENE 10 ND ND ND ND ND
3, 4~BENZOFLUCRANTHENE 10 ND ND ND N ND
BENZO(ghi)}PERYLENE 10 ND ND ND ND ND
BENZO (k) FLUORANTHENE 10 ND ND ND ND ND
BIS(2-CHLORCETHOXY)METHRNE 10 ND ND ND ND ND

ND = Not Detected

o Do
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ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS

CLIENT:

BURNS AND McDONNELL

P.0. Box 173

Kansas City, Missouri 6414
ATTN: Ms. Mary Erio

i

FAGE 29

3060-00377 .

i

DETECTION
BASE/NEUTRAL COMPOUNDS LIAITS D91 D-92 1-59 1-66 p-81
CONT'D (ug/D  (ug/1)  dug/D) tug/1)  (ug/D)  {ug/l)
BIS (2-CHLOROETHYL)ETHER 10 ND ND' ND ND ND
BIS(2-CHLOROISOPROPYL)ETHER 10 ND ND ND ND ND
BIS{2-ETHYLHEXYL) PHTHALATE 10 ND ND. ND ND ND
4-BROMOPHENYL PHENYL ETHER 10 ND ND‘ - ND ND ND
BUTYL BENZIYL PHTHALATE 10 ND ND ND ND ND
2-CHLORONAPHTHRLENE 10 ND ND ND ND ND
4-CHLOROPHENYL PHENYL ETHER 10 ND ND' ND ND ND
CHRYSENE 10 " ND ND| ND ND ND
DIBENZO(a, h) ANTHRACENE 10 ND ND ND ND ND
1, 2-DICHLOROBENIENE 10 ND ND ND ND ND
1, 3-DICHLOROBENZENE 10 ND ND ND ND ND
1, 4-DICHLCROBENIENE 10 ND ND: ND ND ND
3, 3'-DICHLOROBENZIDINE 20 ND ND: ND ND ND
DIETHYL PHTHALATE 10 ND ND ND ND ND
DIMETHYL PHTHALATE 10 ND ND ND ND ND
DI-n-BUTYL PHTHALATE 10 ND N ND ND ND
2, 4-DINITROTOLUENE 10 ND ND' ND ND ND
2, 6-DINITROTOLLENE 10 ND ND ND ND ND
DI-n—0CTYL PHTHALATE 10 ND ND . ND ND ND
BENZ0(b) FLUDRANTHENE 10 ND ND: ND ND ND
1,2-DIPHENYLHYDRAZINE 20 ND ND ND ND ND
FLUORANTHENE 10 ND ND ND ND ND
FLUORENE 10 ND ND ND ND ND
HEXACHL OROBENZENE 10 ND ND ND ND ND
HEXACHLOROBUTADIENE 10 ND ND ND ND ND
HEXACHLOROCYCLOPENTADIENE 10 ND ND ND - ND ND
HEXACHLORDETHANE 10 ND ND ND ND ND
INDENO (1, 2, 3-cd) PYRENE 10 N ND D ND ND
1S0PHORONE 10 ND ND ND ND ND
NAPHTHALENE 10 ND ND ND ND ND
NITROBENIENE 10 ND ND ND ND ND
N-NITROSODI-n-PROPYLAMINE 10 ND ND ND ND ND
N-NITROSODIPHENYLAMINE 10 ND ND ND ND ND
PHENANTHRENE 10 ND ND ND ND ND
PYRENE 10 ND ND ND ND ND
1,2, A-TRICHLOROBENZENE 10 ND ND ND ND ND
ND = Not Detected :
PAGE 9 OF 19




ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS — FAGE 10
CLIENT: BURNS AND McDONNELL
P.D. Box 173
Kansas City, Missouri 64141
ATTN: Ms, Mary Erio

3060~00377
BASE/NEUTRAL PERCENT PERCENT PERCENT PERCENT PERCENT
SURROGATE COMPOUNDS RECVRY  RECVRY RECVRY RECVRY  RECVRY
NITROBENZENE-DS 30 o1 59 38 44
2-FLUCROBIPHENYL 36 60 73 i 48
TERFHENYL~D14 78 73 81 87 99
DETECTICN
PESTICIDES LINITS D9t D-92 1-59 I-66 D-81
{ug/D)  {ug/D)  (ug/l)  {ug/l)  (ug/1)  (ug/D)
ALDRIN 0.0018 ND ND ND ND ND
ALPHA-BHC 0.0015 ND ND ND ND ND
BETA-BHC 0.0023 ND ND ND ND ND
GAMMR-BHC (LINDANE) 0.0013 ND ND ND ND ND
DELTR-BHC 0.002% ND ND ND ND ND
CHLORDANE 0.0148 ND ND ND ND ND
4, 4'-DDT 0.0028 ND ND ND ND ND
4,4*~DDE 0.0015 ND ND ND ND ND
4,4'-DDD 0,0013 ND ND ND ND ND
DIELDRIN _ 0,0019 ND ND ND N ND
ALPHA-ENDOSULFAN 0.0027 N ND ND ND ND
BETA-ENDOSULFAN 0.0017 ND ND ND ND ND
ENDOSULFAN SLLFATE 0,002t N ND ND ND ND
ENDRIN 0.0022 ND ND ND ND ND
ENDRIN ALDEHYDE 0.0026 ND ND ND ND ND
HEPTACHLOR 0.0019 D ND ND ND ND
HEPTACHLOR EPOXIDE 0.0013 MO ND ND ND ND
PCB-1242 0.036 ND ND ND ND ND
PCB-1234 0,013 ND ND ND ND ND
PCB-1221 0.133 ND ND ND ND ND
PCB-1232 0.062 ND ND ND ND ND
PCB-1248 0.023 ND ND ND ND ND
PCB-1260 0,012 ND ND ND - ND ND
PCB-1016 0.034 N ND ND ND ND
TOXAPHENE 0.437 D ND ND ND ND
ND = Not Detected

PABE 10 OF 19
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ENVIRODYNE
ENGINEERS

REFPORT OF ANALYSIS

FAGE 11

CLIENT: BURNS AND McDONNELL REVISED 8/19/86
P.0. Box 173
Kansas City, Missouri 64141
ATTIN: Ms, Mary Erio
3060-00377
DETECTION
ACID COMPOUNDS LIMITS  5-82 S-84 D-85 D-87 D-88
fug/1)  (ug/l)  (ug/1}  Cug/D)  (ug/l)  (ug/l)
2-CHL OROPHENOL 10 ND ND ND ND ND
2, 4-DICH_OROPHENOL 10 ND ND ND ND ND
2, 4-DIMETHYLPHENOL 10 ND ND ND ND ND
4, 6-DINITRO-0~CRESOL 20 ND ND ND ND ND
2, 4-DINITROPHENOL 50 ND ND ND ND ND
2-NITROPHENDL 20 ND ND ND ND ND
A-NITROPHENOL 50 ND ND ND ND ND
p~CHLORO-u—CRESOL 10 ND ND ND ND ND
PENTACHLORGPHENOL 10 ND ND ND ND ND
PHENOL 10 N ND ND ND ND
2, 4, 6~TRICHLOROPHENOL 10 ND ND ND ND ND
PERCENT PERCENT PERCENT PERCENT PERCENT
SURROGATE COMPOUNDS RECVRY RECVRY RECVRY RECVRY RECVRY
2-F-PHENOL &2 33 30 42 30
PHENOL-D6 21 28 27 36 23
2, 4, 6-TRIBROMGPHENOL 34 43 38 n 36
DETECTION

LIMITS  §-82 S-84

D-85 0-87 D-88

BASE/NEUTRAL COMPOUNDS tug/l) (ug/D (ug/1) (ug/D) Cwg/D) (ug/D)
ACENAPHTHENE 10 ND ND ND ND ND
ACENAPHTHYLENE 10 ND ND ND ND ND
ANTHRACENE 10 ND ND ND ND ND
BENZ0(a) ANTHRACENE 10 D ND ND ND ND
BENZ0(a) PYRENE 10 ND ND ND ND ND
3, 4-BENIOFLUCRANTHENE 10 ND ND ND ND ND
BENZO(ghi ) PERYLENE 10 ND ND ND ND ND
BENZO (k) FLUORANTHENE 10 ND ND ND ND ND
BIS(2-CHLORDETHOXY) METHANE 10 ND ND ND ND ND
ND = Not Detected

PAGE 11 OF 19 ; g
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ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS — FAGE 12
CLIENT: BURNS AND McDONNELL '
P.0. Box 173
Kansas City, Missouri 64141
ATTN: Ms. Mary Erio

3060-00377
DETECTION

BASE/NEUTRAL COMPOUNDS LIMITS S-82 G-84 D85 D87  D-88

CONT'D (ug/1)  (ug/l)  (ug/l) (ug/1)  {ug/1)  {ug/D)
BIS (2-CHLOROETHYL) ETHER 10 ND ND ND ND ND
BIS(2-CHLOROISOPROPYL)ETHER 10 ND ND ND ND ND
BIS(2-ETHYLHEXYL)PHTHALATE 10 ND ND ND ND ND
4-BROMOPHENYL PHENYL ETHER 10 ND ND ND ND ND
BUTYL BENZYL PHTHALATE 10 ND ND ND ND ND
2-CHLORONAPHTHAL ENE 10 ND ND ND ND ND
4-CHLOROPHENYL PHENYL ETHER 10 ND ND ND ND ND
CHRYSENE 10 ND ND ND ND ND
_ DIBENZO(a, h) ANTHRACENE 10 ND ND ND ND ND
1, 2-DICHLOROBENZENE 10 ND ND ND ND ND
1, 3-DICHLOROBENZENE 10 ND ND ND ND ND
1, 4-DICHLOROBENZENE 10 ND ND ND ND ND
3, 3'-DICHLOROBENZIDINE 20 ND ND ND ND ND
DIETHYL PHTHALATE 10 ND ND ND ND ND
DIMETHYL PHTHALATE 10 ND ND ND ND ND
DI-n-BUTYL PHTHALATE 10 ND ND ND ND ND
2, 4-DINITROTOLUENE 10 ND ND ND ND ND
2, 6-DINITROTOLUENE 10 ND ND ND ND ND
DI-n-OCTYL PHTHALATE 10 ND ND ND ND ND
BENZO(b) FLUDRANTHENE 10 ND ND ND ND ND
1,2-DIPHENYLHYDRAZINE 20 D ND ND XD ND
FLUORANTHENE 10 ND ND ND ND ND
FLUORENE 10 ND ND ND . ND ND
HEXACHLOROBENZENE 10 ND ND ND ND ND
HEXACHLOROBUTADIENE 10 ND ND ND ND ND
HEXACHL OROCYCLOPENTADIENE 10 ND ND ND ND ND
HEXACHLORDETHANE 10 ND ND ND ND ND
INDENO(1, 2, 3-cd) PYRENE 10 ND ND ND ND ND
ISOPHORONE 10 ND ND ND ND ND
NAPHTHALENE 10 ND ND ND ND ND
NITROBENIENE 10 ND ND ND ND 'ND
N-NITROSODI-n-PROPYLAMINE 10 D ND D ) ND
N-NITROSODIPHENYLAMINE 10 ND ND ND ND ND
PHENANTHRENE 10 ND ND ND ND ND
PYRENE 10 ND ND ND ND ND
1,2, 4-~TRICHLORDBENZENE 10 ND ND ND ND ND

ND = Not Detected

PAGE 12 DF 19
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ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS — FAGE 13
CLIENT: BURNS AND McDONNELL I
P.0. Box 173 !
Kansas City, Missouri 64141 '
ATIN: Ms, Mary Erio

|
3060-00377 '
|
1
BASE/NEUTRAL PERCENT PERCENT PERCENT PERCENT PERCENT
SURROBATE COMPOUNDS RECVRY nscvn;v RECVRY RECVRY  RECVRY
NITROBENZENE-DS 72 72 f 39 73 84
2-FLUOROBIPHENYL 9 73| 58 i 87
TERPHENYL-D14 % 85 . 90 % 91
DETECTION ?
PESTICIDES LIMITS S-82  S-84  D-85  D-87  D-88
(ug/1)  (ug/1}  (ug/1}  lug/1)  (ug/l)  (ug/l)
ALDRIN 0.0018 ND ND | ND ND ND
ALPHA-BHC 0.0015 ND ND ND ND ND
BETA-BHC 0.0023 ND ND ' ND ND ND
GAMMA-BHC (LINDANE) 0.00i13 ND ND ! ND ND ND
DELTA-BHC 0.0024 ND ND ND ND ND
CHLORDANE 0.0148 ND ND ND ND ND
4,4'-DDT 0.0028 ND ND ND ND ND
4,4'-DDE 0.0015 ND ND ND ND ND
4,4'-DDD 0.0015  ND ND ND ND ND
DIELDRIN 0.0019 ND ND ND ND ND
ALPHA-ENDOSULFAN 0.0027 ND ND ND ND ND
BETA-ENDOSLLFAN . 0.0017 ND ND ND ND ND
ENDOSULFAN SULFATE 0.0021 ND ND ND ND ND
ENDRIN 0.0022 ND ND . ND ND ND
ENDRIN ALDEHYDE 0,0026 ND ND - ND ND ND
HEPTACHLOR 0.0019 ND ND ND ND ND
HEPTACHLOR EPOXIDE 0.0019 ND ND ND ND ND
PCB-1242 0.036 ND ND ND ND ND
PCB-1254 0.013 N ND ND ND ND
PCB-1221 0.133 ND ND ND ND ND
PCB-1232 0.062  ND ND ND ND ND
PCB-1248 0.023  ND ND ND ND ND
PCB-1260 0.012 ND ND ND ND ND
PCB-1016 0.034  ND ND ND ND ND
TOXAPHENE 0.437  ND ND ND ND ND

ND = Not Detected
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ENVIRODYNE
ENGINEERS

REFPORT OF ANALYSIS — FAGE 14
CLIENT: BURNS AND McDONNELL
P.8. Box 173
Kansas City, Missouri 64141
ATTN: Ms. Mary Erio

3060-00377
DETECTION

ACID COMPOLNDS LIMITS D93 D-34 0-95 L.BLK. L.BLK

fug/1)  (ug/1)  (ug/1)} (ug/1)  (ug/D}  (ug/l)
2-CHLOROPHENOL 10 ND ND ND ND ND
2, 4-DICHLOROPHENOL 10 ND ND ND ND D
2, 4-DIMETHYLPHENGL 10 ND ND ND ND ND
4,6-DINITRO-o-CRESOL 20 ND ND - ND ND ND
2, 4-DINITROPHENOL 350 ND ND ND ND ND
2-NITROPHENOL 20 ND ND ND ND ND
4-NITROPHENGL 30 ND ND ND ND ND
p-CHLORC-a-CRESOL 10 ND ND ND ND ND
PENTRCHLOROPHENCL 10 ND ND ND ND ND
PHENOL 10 ND ND ND ND ND
2,4, 6-TRICHLOROPHENOL 10 ND ND ND ND ND

PERCENT PERCENT PERCENT PERCENT PERCENT

SURROGATE COMPCUNDS  RECVRY RECVRY RECVRY RECVRY  RECVRY
2-F-PHENOL 63 49 39 61 36
PHENOL-D6 33 39 44 % 48
2,4, 5-TRIBROMOPHENDL %2 87 %2 33 93

DETECTION
LIMITS D-93  D-9 D-95 L.BLK L.BiK
BASE/NEUTRAL COMPOUNDS (wg/l) (/1) (ug/1)  (wa/D (ug/1)  (ug/D)

ACENAPHTHENE 10 ND ND ND ND ND
ACENAPHTHYLENE 10 ND ND ND ND ND
ANTHRACENE 10 ND ND ND ND ND
BENZ0(a) ANTHRACENE 10 ND ND ND ND ND
BENZD(a) PYRENE 10 ND ND ND ND ND
3, 4-BENIGFLUORANTHENE 10 ND ND ND ND ND
BENZ0{(ghi) PERYLENE 10 N N N ND ND
BENZD (k) FLUORANTHENE 10 ND ND ND ND ND
BIS(2-CHLOROETHOXY)METHANE 10 ND ND ND ND ND

ND = Not Detected
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ENVIRODYNE |
ENGINEERS |

REFORT OF ANALYSIS — FAGE 15
CLIENT: BURNS AND McDONNELL
P.0. Box 173 .
Kansas City, Missouri 64141 |
ATTN: Ms. Mary Erio

3060-00377
DETECTION |

BASE/NEUTRAL COMFOUNDS LIMITS D93  D-9%4 D95 L.BK L.BLK.

CONT'D (ug/1)  (ug/l)  (ug/1)  (ug/l)  tug/D) (ug/l)
BIS (2-CHLOROETHYL)ETHER 10 ND ND ND ND ND
BIS(2-CHLOROISOPROPYL)ETHER 10 ND ND ; ND ND ND
BIS(2-ETHYLHEXYL)PHTHALATE 10 ND ND - ND ND ND
4-BRONOPHENYL PHENYL ETHER 10 ND ND ND ND ND
BUTYL BENZYL PHTHALATE 10 ND ND ND ND ND
2-CHLORONAPHTHALENE 10 ND ND ND ND ND
4-CHLOROPHENYL PHENYL ETHER 10 ND ND.: ND ND ND
CHRYSENE 10 ND ND ND ND ND
DIBENZO!(a, h) ANTHRACENE 10 ND ND© N ND ND
1, 2-DICHLOROBENIENE 10 ND ND ND ND ND
1, 3-DICHLOROBENZENE 10 ND ND . ND ND ND
1, 4-DICHLOROBENZENE 10 ND ND ND ND ND
3, 3'-DICHLOROBENZIDINE 20 ND ND ND ND ND
DIETHYL PHTHALATE 10 ND ND ND ND ND
DIMETHYL PHTHALATE 10 ND ND ND ND ND
DI-n-BUTYL PHTHALATE 10 ND ND ND ND ND
2, 4-DINITROTOLUENE 10 ND ND ND ND ND
2, 6-DINITROTOLUENE 10 ND ND ND ND ND
DI-nOCTYL PHTHALATE 10 ND ND ND ND ND
BENZ0 (b) FLUORANTHENE 10 ND ND ND ND ND
1,2-DIPHENYLHYDRAZINE 20 ND ND ND ND ND
FLUDRANTHENE - 10 ND ND ND ND ND
FLUORENE 10 ND ND ND ND ND
HEXACHLOROBENZENE 10 ND ND ND ND ND
HEXACHLOROBUTADIENE 10 ND ND . ND ND ND
HEXACHLORCCYCLOFENTADIENE 10 ND ND ND ND ND
HEXACHLORCETHANE 10 ND ND ND ND ND
INDEND(1, 2, 3-cd) PYRENE 10 ND ND ND ND ND
ISOPHORONE 10 N0 ND ND ND ND
NAPHTHALENE 10 ND ND ND ND ND
NITROBENZENE 10 ND ND ND ND ND
N-NITROSODI-n-PROPYLAMINE 10 ND ND ND ND ND
N-NITROSODIPHENYLANINE 10 ND ND ND ND ND
PHENANTHRENE 10 ND ND. ND ND ND
PYRENE 10 ND ND ND ND ND
1,2, 4-TRICHLOROBENZENE 10 ND ND . ND N ND
ND = Not Detected '

PRGE 15 OF 19




ENVIRODYNE
ENGINEERS

REFPORT OF ANALYSIS — FAGE 16
CLIENT: BURNS AND McDONNELL
P.0. Box 173
Kansas City, Missouri 64141
ATIN: Ms. Mary Erio

3060-00377
BASE/NEUTRAL PERCENT PERCENT PERCENT PERCENT PERCENT
SURRGSATE COMPOUNDS RECVRY RECVRY RECVRY RECVRY  RECVRY
NITROBENZENE-DS n 7 54 68 3
2-FLUOROBIPHENYL 85 76 £0 73 80
TERPHENYL-D14 g2 3 81 85 79
DETECTION
PESTICIDES LIMITS D93 D9  D-95 L.BRK LB
/D /D) (wg/D) (ug/D) (ug/D) (ug/D)
——
ALDRIN 0.0018 ND ND ND ND ND
ALPHA-BHC 0.001S  ND ND ND ND ND
BETA-BHC 0.0023  ND ND ND ND ND
EAMMA-BHC (LINDRNE) 0.0013 D ND ND ND ND
DELTA-BHC 0.0024 ND ND ND ND ND
. CHLORDANE 0.0148 ND ND ND D ND
4,4 -DDT 0.0028  ND ND ND ND ND
4,4'-DDE 0.0015 ND ND ND ND ND
4,4'-DDD 0.0015 D ND ND ND XD
DIELDRIN 0.0013  ND ND ND ND ND
ALPHA-ENDOSULFAN 0.0027  ND ND ND ND ND
BETA-ENDOSULFAN 0.0017 N ND ND ND ND
ENDOSULFAN SULFATE 0.0021 D ND ND ND ND
ENDRIN 0.0022 ND ND ND ND ND
ENDRIN ALDEHYDE 0.0026 ND ND ND ND ND
HEPTACHLOR 0.0019 ND ND ND ND ND
HEPTACHLOR EPOXIDE 0.0019 ND ND ND ND ND
PCB-1242 0,035 ND ND ND ND N
PCB-1254 0.013 N ND ND ND ND
PCB-1221 0.133 N ND ND ND ND
PCB-1232 0.02  MND ND ND ND ND
PCB-1248 . 0.023 ND ND ND ND ND
PCB-1250 0.02 N ND ND N ND
PCB-1016 0.03%  ND ND ND ND ND
TOXAPHENE 0.437 ND ND ND ND ND

ND = Not D_etected

PAGE 16 OF 19
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ENVIRODYNE
ENGINEERS

REFORT OF ANALYSIS — FAGE 17

CLIENT: BURNS AND McDONNELL
P.0. Box 173

Kansas City, Missouri 64141
ATIN: Ms, Mary Erio
3060-00377
GROUNGWATER TOTAL TOTAL
SAMPLE CYANIDE PHENOLS
{ug/1) {mg/1)
S=|======= ] =========
§-51 5 { 0,002
5-80 {5 { 0.002
D-83 3 { 0,002
D-89 5 { 0,002
0-% 7 { 0.002
D-91 (5 { 0.002
0-% (5 0,002
1-59 (5 { 0.002
166 (5 { 0.002
D-81 (3 { 0,002
s-82 {5 { 0.002
5-84 {5 { 0.002
D-83 {35 { 0.002
p-87 {5 { 0.002
D-88 (5 { 0.002
0-93 {5 { 0.002
D-94 {5 { 0.002
D-93 (5 { 0.002
PAGE 17 OF 19




ENVIRODYNE
ENGINEERS

CLIENT:

REPORT OF ANALYSIS - FAGE 18
SURNS AND McDONNELL

P.0. Box 173

Kansas City, Missouri 64141
ATTN: Ms. Mary Erio

REVISED JULY 31,1386

3060-00377

GROUNGWATER )

SAMALE Sb fs Be Cd Cr Cu Pb

{mo/1)  img/1) (mg/1) (mg/l) img/l) (mg/l}  (mo/1)

S-5t 0.017 (0.002 ¢ 0.001 ¢ 0.001 (0.008 (0.0084 ( 0.503
5-80 0.689 (0.002 (0.001 (0,001 (0,008 0.005 (0,005
D-83 0.034 (0,002 ¢0.001 (¢0.001 (0.004 0,004 (90.005
D-83 0,026 - ¢ 0,002 ¢ €.001 (0.000 (0.006 (0.006 (0,065
D-90 0.008 (0,002 (0,001 (0.001 (0,004 0.007 {0,003
5-9t 0.026  0.004 (0,001 (0.000 {0.004 .01 0.013
D-92 C.020 (0,002 (0.001 {0.000 ¢0.006 0.009 (0.008
I-59 9,033 (0,002 (0,001 (0,000 (0,004 0.018 (0,005
1-66 0.013 (0,002 (0,001 (0.001 {0,004 0.003 {0,005
b-81 0.03% (¢ 0.002 {0.001 (0.001 (0.004 0,008 (0,005
5-82 0,080 € 0.002 (0,001 (0.001 ({0,004 Q.04 (0,005
S-84 0.024  0.009 (0,001 0,008 (0,004 0.01 { 0,005
D-85 0.025 0.008 (0,001 (0,001 (0,004 0.005 (0.005
D-87 0.021 (90,002 (0.001 (0,001 (0,004 0.0t (0.005
D-88 0,081  0.003 (0.001 (0,001 (0.004 0.007 (0,005
D-93 0.116 ¢ 0,002 (0.001 (0,000 ¢0.004 0,01 { 0.003
D-394 0.022 (0.002 (¢0.001 (0.001 (0.004 0.004 0,007
D-35 0.011  0.006 {0,008 (0.001 (0.006 0,004 (0,005

Sb = Antimony; As = Arsenic; Be = Beryllium;
Cu = Copper; Pb = Lead

PAGE 18 OF 19
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ENVIRODYNE
ENGINEERS

CLIENT:

REFORT OF ANALYSIS - PRBE 13
BURNS AND McDCNNELL

P.D. Box 173

Kansas City, Missouri 64141
ATTN: Ms, Mary Erio

REVISED JULY 31,3386

30£0-00377

GROUNGWATER

SAMPLE Hp Ni Se Ag 7l In

{ug/1)  (mg/1} {mo/1} (mg/1} (mg/1)  {mg/l)

5-5t (0.2 (0.004 (0,002 0,002 0,005 2
S-80 (0.2 (0.004 (0,002 0.004 0.010 0,01
D-a3 (0.2 0.011 (0,002 0,005 0.013 0.02
p-89 (02 0,007 (0,002 0.004 0010 0.04
L-30 (0.2 0,007 (0,002 (0,002 0.005 (0,002
D-91 (0.2 0,024 (0,002 0.004 0.009 0.02 ,
D-%2 (0.2 0.019 (0,002 0.007 0.015 0.02 ‘
1-59 (0.2 0.02 {0.002 0.007 0.019 0.01
166 (0.2 (0,004 (0.0028 0.003 0.009 001
D-81 (0.2 0.006 (0.002 0,003 0,012 0.02
§-8 (0.2 0.062 (0.002 0.006 0.016 0.03
S-84 (0.2 0.008 (0.002 0.004 0,007 0,03
D-85 (0,2 0.013 (0,002 0.005 0.00%3 0.01
D-87 (0.2 0,015 (90,002 5006 0013 0.01
D-88 (0.2 0.011 (o0.002 0.005 0,009 0.04
D-93 (0.2 0,012 (0,002 0,004 0,027 (0.002
D-34 (0.2 (0,004 (0,002 0.003 0,008 0.0t
D-95 (0.2 0,006 (0,002 0.003 0.07

0,008

Hg = Mercury; Ni = Nickel; Se = Selenium; Rg = Silver; Tl = Thallium

In = linc

Attachment I "STANDARD CLAUSES" is included herein by reference.




ENV'RODYNE 12161 Lackland Road,
ENGINEERS Si;LQLfls, Missour 63146
(314) 434-6960
REFORT OF ANALYSIS
CLIENT: BURNS AND McDONNELL REPORT DATE: August 22,1386
P.0. Box 173 SAMPLE ANRLYZED: Lab Blark data from acid
Kansas City, Missouri 64141 extractable organics reruns.
ATIN: Ms. Mary Erio
DATE RECEIVED: N/R
PROJ. #: 3060-00377 METHODS USED: N/A
P.0, %:
DETECTION LAB LAB
ACID COMPOUNDS LIMITS  BLANK  BLANK
(ug/1)  tug/D)  tug/1)
2-CHLORGPHENOL 10 ND ND
2, 4-DICHLOROPHENOL 10 ND ND
2, 4-DIMETHYLPHENOL 10 ND ND
4, 6-DINITRO-o-CRESOL 20 ND ND
2, 4-DINITROPHENCL 50 ND ND
2-NITROPHENOL 20 ND ND
4-NITROPHENOL 50 ND ND
p—CHLORO-m—CRESOL 10 ND ND
PENTACHLOROPHENOL 10 ND ND
PHENOL - 10 ND ND
2, 4, 6-TRICHLOROPHENOL 10 ND ND
PERCENT PERCENT
SURRCGATE COMPOUNDS RECVRY  RECVRY
2-F-PHENOL r 41
PHENOL-D6 26 33
2,4, 6-TRIBROMOPHENDL 25 30

The lab blank data from the orininal acid/base-neutral analyses can be found
on pages 14, 15, and 16 of our July 8,1986 report to you.
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ATTACHMENT I - STANDARD CLAUSES
ENVIRODYNE ENGINEERS, INC.

CLIENT: BURNS AND McDONNELL REPORT DATE: JULY 8,1986

The testing services provided herein have been performed, firdings obtained,
and reports prepared in accordance with generally accepted testing laboratory
principles and practices. This warrenty is in lieu of all other warrenties,
either expressed or implied.

These tests mere conducted in accordance with the standards and procedures
specified. Interpretations of the results should take into account that
there is a generally recognized and accepted degree of error associated with
these and all laboratory analytical tests.

These analyses have been made (tests performed) and report prepared based
upon the specific sample(s) provided to us by the client or his/her
representative for testing. HWe assume no responsiblity for variations in
quality, composition, appearance, performance, etc. or any other feature of
similar subject matter produced, manufactured, fabricated, etc. by persons
or under conditions over which we have no control.

Samples will not be held by the laboratory for wore than 60 days after the
date of receipt. Any extension of this time must be evidenced by written
agreevent between the laboratory and the client.

This REPORT OF ANALYSIS is furnished in strict confidence for the exclusive
use of the client and his/her representatives, and no distribution of all
or part of the report shall be made to third parties without the prior
written approval of Envirodyne Engineers, Inc. (EEI),
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~ Oak Ridge , NMarpower Ecucation.
®$ Associated Post Office Box 117 Research. and Tramning
h‘\“ Universities Oak Ridge. Tennessee 37831-0117 D 80

May 27, 1986

PRES!DENT
Dr. Germain LaRoche :
Uranium Fuel Licensing Branch
Division of Fuel Cycle and Material Safety

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: GROSS ALPHA AND GROSS BETA RESULTS - WEST LAKE LANDFILL WELLS

‘Dear Dr. LaRoche:

Enclosed are the results of our gross alpha and gross beta analyses,
performed on 32 well water samples, collected May 7 and 8 at the West Lake
Landfill site near St. Charles, Missouri. As can be noted, many of the samples
exceed the 5 pCi/l gross alpha level requiring isotopic analyses. Therefore,
analyses for Ra-226, Ra-228, isotopic uranium, and isotopic thorium have been
initiated; results of these analyses will be available in about 3 weeks.

If you have any questions, please contact me at FTS 626-3305.

Sincerely,

L 53

ames D. Berger
Program Manager
Radiological Site Assessment Program

JDB/clt

cc: W, Crow — NMSS
S. Banerji - University of Missouri (Columbia)

Enclosures



O WMV~ r~ O Al

O O W
3317176649434358655759617375559

® ® e ©®© & o o & 6 o b o » 6 o e & s @
111131114111111211312162/422.1122

HAD A LA H A D H

VY P et NTO—~ON (=] o~ [l
A.355499670013919673836883271837
L[] e & ® & o o & & o * o ® & © o & s 0 * o .Q......!.
7575431459407971472635677779611
ot el e vl md T o=l =t et o~ —t =t F e~ N —t - N

Gross Beta

J
~NNo @ N =~ g GO~V OM o0 O I~ ~ = NN

01880443399219662592175724529898
OC...Q...... e & @ e e & @ s o Q.l'.....'.
11012111310110111121215141210110

Wl H A H L H O HH R T I L IR

o~ O n OO AN MNNONOS O~ [=a) ~ MR R AR BN
22863867333557493556290914772246
a L]

L] L] [ ] L L] e L L . . . L - . . L4 L . L L] L] * » L] L[] Ll L L] L] L

2210).»14551[43531801603877831032771
— — — — — —

1986

Gross Alpha

MAY 7-8,

WEST LAKE LANDFILL

ST. LOULS, MISSOURI

Radiocactivity Concentrations (pCi/l)

b

FTOLT OO —~ONO T OVt N

OO NMWNN®O NN

. 3 . o

4087354537987#3&2
-4 -4 —

[ ] [ e o oy o o o o
NN N N T ) T ==
—t e~y =t

Depth To
Water
(m)

GROSS ALPHA AND GROSS BETA CONCENTRATIONS
IN WELL WATER SAMPLES:

Date
Sampled
5/8
S/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/7
5/8
5/8
5/17
5/8
5/8
5/7
5/7
5/7
5/8
5/8
5/8
5/8
5/7
5/8
5/7
5/7

Well?
Identification
50
51
52
53
54
55
56
58
59
60
61
62
65
66
67
68
72
73
75
76
80
81
82
83
84
87
88
89
90
92
93
94

CErrors are 2¢ based only on counting statistics.

bAs measured below ground surface.
dDepth not determined.

aRefer to attached Figure.
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RESULT SUMMARY SHEETS

PESTICIDES AND PCBs




Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source: Burns & McDonnell

Submitter ID#: D-88

ETSRC ID#: 85120506 Data File#: 10LS06
Sample Matrix: Water

Method: U.S.E.P.A. #624

Date Received. December 17, 1985

Date Analyzed: Conc. Units mcg/L
Analyst. C. Orazio

Quantity
Compound _m/e_ Scan # Area
1. Methylene chloride 84 209 5464
2 1,1 Dichloroethylene 96
3. 1,1 vichloroethane 63
4, 1,2 Dichloroethylene 96
5. Chloroform 83
6. 1,2, Dichloroethane 6¢
7. 1,1,1 Trichloroethane 97
8. Carbon tetrachloride 117
9. Bromodichloromethane 127
10. 1,2 Dichloropropane 65
11. 1 3 bichloropropylene 75
12. Trichloroethylene 130
13. Benzene 78
14, cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
16. Dibromochlorome thane 127
17. 2 Chloroethylvinyl ether 63
13. Bromoform 173
19, Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
22. Chlorobenzene 112
23. Ethylbenzene 91

Conc.

5.2

Corr Conc

6.1
<MLL
<MDL
<HDL
<MDL
<HMbL
<MOL
<MDL
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MbL
<MDL
<MbL
<MDL
<MLL
<MDL
<MDL
<MDL




Surrogate Results

Quantity
Compound m/e Scan # Area Conc. Corr Conc
1. Benzene D-§ 84 528 69364 30.6
2. Toluene D-§ 100 715 31487 31.9
3. p-Bromofluorobenzene 95 905 22001 35.2

Tentatively Identified Compounds

Quantity
Compound n/e Scan # Area Conc. Corr Conc
1. Acetone 58 227 -NQ-

iR



Environmental Trace Substances Research Center

Volatile Result Summary
Detection Limits

Sample Source: Burns & McDonnell

Supni tter I0#:

ETSKC ID#: Lata File#:

Sample Matrix: Water

Methoa: WU.S.E.P.A. #0624

Date Received: December 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst: C. urazio

Qantity
Compound _m/e Scan # Area Conc

1. Methylene chloride 84
2. 1,1 Dichloroethylene 96
3. 1,1 Dichloroethane 63
4. 1,2 vichloroethylene 96
5. Chloroform 83
6. 1,2, Dichloroethane 62
7. 1,1,1 Trichloroethane 97
g. Carbon tetrachloride 117
9. Bromodicnloromethane 127
10. 1,2 Dichloropropane 65
11. 1,3 Dichloropropylene 75
12. Trichloroethylene 130
13. Benzene 78
14, cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
lo. Dibromochloromethane 127
17. 2 Chloroethylvinyl ether 63
18. Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
22. Chlorobenzene 112

[aV
w

. Ethylbenzene 91

Corr Conc

2.5
2.5
4.0
1.5
2.5
2.5
3.0
2.5
Z.0
5.0
4.0
1.5
4.0
2.5
4.0
2.5
5.0
4.0
3.0
5.5
5.0
5.0
6.0



Environmental Trace Substances Research Center
Volatile Result Summary

Sample Source: Burns & McDonnell

Submi tter ID#: D-81

ETSRC Iu#: 85120501 Data File#: To. 50B
Sample Matrix:. Water

Method: U.S.E.P.A. #0624

Date Received: Uecember 17, 1985

Date Analyzed: Conc. Units: mcg/L
Analyst: C. Orazio

Quantity
Compound _m/e Scan # Area
1. Methylene chloride 84 209 27740
2 1,1 Dichloroethylene 96
3. 1,1 Dighloroethane 63
4. 1,2 Dichioroethylene 90
5. Chloroform 83
6. 1,2, Dichloroethane 62
7. 1,1,1 Trichloroethane 97
8. Carbon tetrachloride 117
9. Bromodichloromethane 127
10. 1,2 Dichloropropane 65
11. 1,3 Lichloropropylene 75
12. Trichloroethylene 130
13. Benzene 78
14. cis 1,3 Dichloropropylene 75
15. 1,1,2 Trichloroethane 97
16. Dibromochlorome thane 127
17. 2 Chloroethylivinyl ether 63
18. Bromoform 173
19. Tetrachloroethylene 164
20. 1,1,2,2 Tetrachloroethane 83
21. Toluene 92
22. Chlorobenzene 112
23. Ethylbenzene 91

Conc.

Corr Conc

26.3

23.3
<MDL
<MDL
<MbL
<MDL
<DL
<MDL
<MbL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
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Submitter ID:
ETSRC Ib:

Burns and McDonnel #
5120528

Result Summary Sheet

D-g9y oR

R. Data File:

Sample Matrix:

Water

Analytes:

Priority pollutant phenols

Method:

EPAGO4 - GC/MS

Date Recieved/Analyzed:
Carl Orazio

Analyst:

Dec. 1986/Jan. 1, 1986

Cene. Unils Mca,(L

Compound

Phenol

2-Chiorophenol
2-Nitrophenol

2,4~-Dime thylphenol
2,4-Dichlorophenol
4-Chloro, 3-Methylphenol
2,4,6-Trichlorophenol
2,4-Dinitrophenol

. 4-Nitrophenol
. 4,6-Dinitro, 2-Methylphenol
. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Quantity
m/e Scan # Area

A5120528

Conc

Corr Conc

<MDL
ML
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL

21.2%
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Submi tter ID:

Result Summary Sheet

Burns and McDonnel # D-aS o©oR

Phenol D-5 (Surrogate) rec

ETSRC Iv: 5120529 R. bData File: A5120529
Sample Matrix: Water
Analytes: Priority pollutant phenols
Method: EPA6U4 - GC/MS
bate Recieved/Analyzed: Dec. 1986/Jan. 1, 1986
Analyst: Carl Orazio
Cone - Unils - 'mcgl L
Quantity
Compound _mle Scan # Area Conc Corr Conc
Phenol <MDL
2-Chlorophenol <DL
2-Nitrophenol <MDL
2,4-Dimethylphenol <ML
2,4-Dichlorophenol <MDL
4-Chloro, 3-Methylphenol <MoL
2,4,6-Trichlorophenol <MDL
2,4-Dinitrophenol <MDL
. 4-Nitrophenol <MDL
. 4,6-Dinitro, 2-Methylphenol <MDL
. Pentachlorophenol <MDL
36.7%
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Submitter ID:
ETSRC Ib:

Burns and McDonnel #
5120525d

Result Sumniary Sheet

D-qt er  (DUP)

Sample Matrix:

KWater

Analytes:

Priority pollutant phenols

Method.

EPABU4 - GC/MS

Date Recieved/Analyzed:
Carl Orazio

Analyst:

Dec. 1986/Jdan. 1, 1986

Cene Unils: me 3/1..

Compound

Phenol

2-Chlorophenol
2-Nitrophenol

2,4-Dime thylphenol
2,4-Dichlorophenol
4-Chloro, 3-Methylphenol
2,4,6-Trichlorophenol
2,4-Dinitrophenol

. 4-Nitrophenol

4,6-Dinitro, ZfMetnylphenol

. Pentachlorophenol

Phenol D-5 (Surrogate) rec

Quantity
m/e Scan # Area

R. Data File:

A51205250

Conc

Corr Conc

<MbL
<MDL
<MDL
<MDL
<MOL
<MDL
<MDL
<MDL
<MDL
<DL
<MDL

20.8%



ETSRC ID: 5120524&5 R. Data File: 51205248 5

Sample Matrix: Water

Analytes: Priority pollutant phenols

Method: EPA6U4 - GC/MS

Date Recieved/Analyzed: Dec. 1986/Jan. 1, 1986

Analyst: Car1 Orazio

Canc. Umila: Mc?/t.

Quantity
Compound _g!g—_ Scan # Area Conc Corr Conc

1. Phenol 2593 6.8
2. 2-Chlorophenol <MDL
3. 2-Nitrophenol 739 4.8
4. 2,4-Dimethylphenol <MDL
5. 2,4-Dichlorophenol <MDL
6. 4-Chloro, 3-Hethylphenol 678 19.0
7. 2,4,6-Trichlorophenol <MDL
8. 2,4-Dinitrophenol MOL
9. 4-Nitrophenol 475 4.5
10. 4,6-Dinitro, 2-Methylphenol <MOL
11. Pentachlorophenol 5708 19.0

Submitter ID: Burns and McDonnel #

Result Summary Sheet

D-ge oR (S’bK)

Phenol D-5 (Surrogate) rec
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ABSTRACT

This report presents the results of a radiological
survey of the West Lake Landfill, St. Louis County,
Missouri, .pe:fo:med by Radiation Management Corporation
during the spring and summer of 198l. Measurements were
made to determine external radiation levels, concentrations
of airborne contaminants and the identity and concentrations
of subsurface deposits. Results indicate that large volumes
of uranium ore residues, probably originating €from the
Hazelwood, Missouri, Latty Avenue site, have been buried at
the West Lake Landfill. Two areas of contamination,
covering more than 15 acres and located at depths of up to
20 feet below the present surface, have been identified.

There is no indication that significant quantities of

contaminants are moving off-site at this time.
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I. INTRODUCTION

In August 198d, Radiation Management Corporation (RMC),
under contract to the U. S. Nuclear Regulatory Commission
(NRC), performed radiological evaluations of four burial
grounds(1l]. The first of these sites selecﬁed for
evaluation was the West Lake Landfill in St. Louis County,
Missouri. An initial site visit was completed in August
1980, and a preliminary radiological survey was completed
in November 1980. The detailed radiological evaluation was

performed in the spring and summer of 1981.

The purpose of this survey was to clearly define the
radiological conditions of the West Lake Landfill site. The
results of this survey should be sufficient to allow an
engineering evaluation to be performed to determine whether

remedial actions should and can be taken.

The methods used to evaluate this site include the
following:

1) measurement of external gamma exposure
rates 1 meter above the surfaces and
beta-gamma count rates 1 cm above
surfaces;

2) measurement of radionuclide concentrations
in surface soils;

3) measurement of radionuclide concentrations
in subsurface deposits;

4) measurement of gross activity and



radionuclide concentrations in surface and
subsurface water samples;

S5) measurement of radon flux emanating from
surfaces;

6) measurement of airborne radioactivity; and

7) 'measurement of gross activity in

vegetation.

These measurements were performed on-site using two
mobile facilities designed by RMC, A small number of
samples were returned to the RMC radiological 1laboratories
in Philadelphia for analysis for nuclides which could not be
detected in the field, and for quality assurance checks on
the field measurements. A set of reference background
measurements were made at three locations in the St. Louis
area, near West Lake Landfill. 1In addition, a series of
non-radiological measurements were performed to identify
the possible presence of toxic or hazardous agents known or

believed to have been buried at this landfill.



II. SITE CHARACTFERISTICS

The West Lake Landfill is located on St. Charles Rock
Road just west of the Taussig Road intersection in
Bridgeton, Missouri. The site is about one (1) mile
northwest of Route 270 and approximately 1-1/2 miles east of
the Missouri River. It is located in a combined
rural-industrial area, and is bounded on three sides by farm
land and on the fourth by St. Charles Rock Road, beyond
which are located several commercial and industrial
establishments. The nearest residential area is a trailer

park located about 3/4 of a mile southeast of the landfill.

The site is approximately 200 acres and consists of a
quarry, stone and limestone processing and storage areas,
and several active and inactive landfills (Figure 1), which
are open to the public during normal working hours. West
Lake Landfill keeps track of entries for the purpose of
assessing fees for disposal; however, access is not
controlled for other reasons. Users are prohibited from

disposing of hazardous materials at this site by current

Missouri state law,

Studies indicate the 1landfill is on the alluvial
floodplain of the Missouri River. This fact prompted
the Missouri Geological Survey, in 1973, to propose
classification of the site as hazardous under the then
existing operating procedures. In addition, samples from

perimeter monitoring wells taken in 1977 and 1978



indicated some movement of leachate into monitoring wells,

based on chemcial (not radiological) analyses. However,
recent studies by the Department of Natural Resources
indicate little or no surface or sub-surface movement of
materials from the site(2]. Leachate from the active
sanitary landfill is collectéd ;nd treated on-site. At
this time there is no evidence of significant ground water
contamination; however, geological reports indicate -a

potential for such problems.

In May 1976, the St. Louis Post-Dispatch[3] printed a
story alleging that radioactive material had been
erroneously dumped in the West Lake Landfill in 1973, The
source of this material was identified as the Cotter

Corporation, Hazelwood, Missouri, Latty Avenue Site.

An NRC investigation conducted by Region III in 1976
[4] concluded that about 7 tons of U308, contained in 8700
tons of leached barium sulfate residues, had been mixed with
about 39,000 tons of soil at Latty Avenue and the entire
volume disposed of at the West Lake Landfill. The earlier
study by the Post- Dispatch (1976) claimed only 9000 tons

(présumably the leached barium sulfate residues) had been

-buried, and that the remaining material had not been

disposed of at West Lake. The Post-Dispatch alleged that
the contractor hauling the dirt had admitted falsifying
invoices for about 40,000 tons of soil. Discussions with
site personnel indicated that a large quantity of soil from

Latty Avenue had indeed been dumped at West Lake, although



the exact amount was unknown.

A fly-over radiological survey (ARMS flight), performed
for the NRC in 1978, showed external radiation levels as
high as 100 uR/hr in the area indicated by West Lake
personnel as containing the Latty Avenue material. 1In
addition, this survey revealed another possibly contaminated

zone in a fill area previously believed to be "clean".

Figure 2 shows the results of the 1978 aerial survey.
The area in the southeast f£fill was believed to contain
Latty Avenue material, while that on the northeast boundary

was previously unidentified.

In addition to radioactive material, it is known that
hazardous chemical wastes have been disposed of at this
landfill. Since disposal was unregulated prior to 1973,
little is known about the actual materials preéent. However,
it is believed that aside from normal 1landfill méterials,

there are chemical industrial wastes in the landfill.

Among the chemical wastes believed to be present are:

waste ink halogenated intermediates
pigments aromatics

oily sludges oils

esters wastewater sludges
alcohols heavy metals

insecticides herbicides



III. RADIOLOGICAIL SURVEY METHODS
(A) Measurement of External Radiation Levels

The two areas of contamination were gridded and
surveyed for both gamma radiation levels at one meter above

the surface, and beta-gamma levels at the ground surface.

The basic pattern at each contaminated area was survey
blocks defined by a 10 meter grid system. External gamma
levels at one meter were recorded at each grid point (i.e.
at each intersection of two grid lines). 1Initially, precise
exposure rate measurements at a few specially selected grid
points were made with a sensitive Tissue Eguivalent
Ionization Chamber System (described in Appendix I). At the
same time, NaI scintillation detector (described in Appendix
I) measurements were made and a conversion factor for the
NalI count rate versus uR/hr established (See Figure I-3).
Once this factor was confirmed, the scintillation detector
was used for all grid measurements at relatively 1low
exposure rates. For the few higher rates encountered, a

Geiger-Muellér portable survey instrument was used.

At each grid point, an end window G-M fube. (described
in Appendix 1I) was used for surface measurements. An open
and closed window reading was made at 1 cm, and the ratio of
the two used to indicate the presence or absence of surface

contamination.
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(B) Measurement of Surface Radiocactivity

Based on the external surface measurements, surface
soil samples were collected for analysis from both
contaminated areas. These samples were collected from
locations on-site where surface deposits were indicated, as
well as- locations where the drainage characteristics
indicated the possibility that radioactive materials may
have been <carried or washed away from original burial
locations. The soils were dried, ground and sealed in 500 ml
aluminum cans for counting on the intrinsic germanium (IG)

gamma ray spectroscopy system (described in Appendix I).

Vegetation on-site consisted only of grass and common
weeds. Off-site, crops are grown on farm land immediately
north and west of the site. Since the possibility of
contamipnation exists here, crop samples were collected where
indicated by surface measurements. These samples were

dried, crushed and counted as described above.
(C) Measurements of Subsurface Radioactivity

Since it was known that most, or all, of the
radiocactive materials at the West Lake Landfill have been
buried, extensive subsurface monitoring and sampling. was
required. The purpose of this activity was to determine the

depth and lateral extent of subsurface contamination.

A series of holes through and bordering the
contaminated deposits were drilled and lined with 4-inch PVC

7



casing. Each hole was then scanned with a 2" by 2" NaI(Tl)

scintillation detector and rate meter system.

.Representative holes were then logged using an in situ
gamma measurement system consisting of an intrinsic
germanium (IG) detector coupled to a multichannel analyzer
(described in Appendix I). Field analyses were then made,
both qualitatively and quantitatively, thereby eliminating
time consuming laboratory analyses and expensive core
sampling of each hole. Measurement intervals ranged from 6"
to 24", depending upon factors such as hole depth and
activity. An occasional core sample was taken to verify the
in situy measurements and to confirm the presence or absence

of non-gamma emitting nuclides such as Th-230.
(D) Measurement of Radioactivity in Water

Whenever possible, water samples were taken from the
bore holes and two off-site monitoring wells. Samples were
also taken from standing water, run off water, and leachate
liquids. Samples were filtered, evaporated and counted for
gross activity, or were filtered and sealed in Marinelli

beakers for gamma spectroscopic analysis.
(E) Measurement of Airborne Radioactivity

Measurements were made to determine if the materjal

buried on-site 1is a source of airborne radioactivity. The

isotopes of concern are Ra-226, Ra-224 and/or Ra-223, which

decav to Rn=227. Rrn=99N ~=d nN= 23¥n -



emanation of radon from the soil, and movement of radon and

daughters off-site.

These measurements may be used to determine Rn flux
emanation as a source term for off-site dose calculations,
or as an indication of the presence of radium at or below
the surface. Additional on-site Rn daughter measurements

were made to perform working level (WL) determinations.

Radon flux measurements which are to be related to
off-site dose calculations were of no vélue for Rn-219, due
to its very short (4 sec) half-life. Therefore, only its
long-lived daughters are of concern for off-site exposures.
In addition, if the parent (Ra-223) is not within a few
millimeters of the surface, Rn-219 is not likely to emanate

into the atmosphere ([5].

Due to these considerations, only Rn-222 and Rn-220
fluxes were measured. The principal measurement technigue
was collection of a filtered gas sample from an accumulator
and subsequent counting in a radon gas analyzer (described
in Appendix 1). Sequential alpha counting, starting
immediately after sampling, allowed separation of Rn-222
from Rn-220 (if present). Repetitive samples were taken
from several locations during the survey period in an effort
to evaluate the effect of fluctuations between individual
measurements, due to varying meteorological and soil
conditions. A second method using charcoal «canisters was
also employed as a check on the accumulator technique.

9



The presence of Rn-219 was determined by detection of
its daughters deposited on high volume particulate sample
filtets, using gamma spectroscopy. Total Rn daughter levels
were also estimated by gross alpha activity on particulate
filters. From this, a total working level (WL)

determination was made.



IV. SURVEY RESULTS

(A) External Radiation Levels

Two areas of elevated external radiation levelé have
been identified by this survey. ' Figure 3 shows the two
areas as they'existed in November, 1980, at the time of the
preliminary RMC site survey. As can be seen, both areas
contained locations where levels exceeded 100 wuR/hr at 1
meter, and in Area 2, gamma levels as high as 3-4 mR/hr were
detected. The total areas exceeding 20 uR/hr were about 3

acres in Area 1 and 9 acres in Area 2.

External gamma levels measured in May and July of 1981
are shown in Figure 4. These levels had decreased
significantly, especially in Area 1, due to continuing
activities at the landfill. In both cases, contaminated
areas were covered with additional fill material. RMC
estimates that about 4 feet of sanitary fill was added to
the entire area denoted as Area 1, and that an egqual amount
of construction £ill was added to most of Area 2. As a
result, only a small region of a8 few hundred square meters

in Area 1 exceeds 20 uR/hr. In Area 2, the total area

' exceeding 20 uR/hr decreased by about 10%, and the highest

levels are now about 1600 uR/hr, near the Shuman building.

Both areas were marked off in a 10 m by 10 m grid} based
on a north-south 1line erected from a boundary marker, as

laid out by a surveying team, as a reference line. Grid

11



designations are shown in Figqures 5 and 6. At each grid

point, external gamma levels at 1 m, and beta-gamma count

rates at 1 cm, were measured. Results of these measurements

are given in Tables 1 and 2.

Beta-gamma measurements at 1 cm from the surface are
given 1in count rates, rather than dose rates, due to the
difficulty in measuring beta dose rates accurately with end
window G-M tubes. Large differences between open- and
closed-window readings indicate the poséibility of surface

contamination. Little surface contamination was found in

Area 1, as would be expected due to fresh land fil]l cover.

over nearly the entire area.

Several isolated spots of surface contamination in Area
2 were 1indicated by beta-gamma measurements, and later
confirmed by surface soil sampling. These spots are
generally located near the northwest edge of Area 2, which
includes the berm that bounds the landfill at that point.
Some erosion and run-off is evident along the top of the
fill, apparently uncovering deposits of radioactive material
in the process. Thus far, fresh construction £ill has not

been added here, due to the inaccessibility of these spots.

A second region of surface contamination is found just
north of the Shuman building. It is not clear why material
appears on the surface here, except that it is possible that

some digging or excavation has occurred here in the past.



(B) Surface Soil Analyses

A total of 61 surface soil samples were gathered and
analyzed on-site for gamma activity. Samples were normally
stored 10 to 14 days to allow ingrowth of radium daughters,
Concentrations of U-238, Ra-226 (from PB-214 and Bi-214),
Ra-223, Pb-211 and Pb-212 were determined for each sample.
Locations of surface soil samples are shown in Figures 7 and

8, and the results in Table 3.

In all soil samples nothing other than wuranium and/or
thorium decay chain nuclides and K-40 was detected. Off-site
background samples were on the order of 2 pCi/g for Ra-226.
On-site samples ranged from about 1 to 21,000 pCi/g Ra-226,
and from less than 10 to 2,100 pCi/g U-238. 1In those cases
where elevated levels of Ra-226 were detected, the
concentfations of U-238 were generally anywhere from a
factor of 2 to 10 1lower. In cases of elevated sample
activity, daughter products of both U-238 and U-235 were

found.

In general, surface activity was limited to Area 2, as
indicated by the surface beta-gamma measurements. Only two
small regions in Area 1 showed contamination, both 1located

near the access road across from the site offices.

In addition to on-site gamma analyses, a set of 12
samples were submitted to the RMC radiochemical laboratories

for thorium and uranium radiochemical determinations. The

17



results of these measurements are shown.in Tazlz 4. They

show that all samples contain high levels of Tz-2130, The
ratio of Th-230 to Ra-226 (Bi-214) is abo:i: 20, which
indicates an "enrichment" of thorium in these rezidues, as

discussed in Section V.

(C) Subsurface Soil Analysis

Subsurface contamination was assessed b: extensive
"logging" of holes drilled through the landfill z: locations
known or thought to contain radiocactive materials. Several
holes were drilled in aceas known to\contain cortzaination,

then additional holes were drilled outward in all Zirections

until no further contamination was encountered. 2 total of

43 holes were drilled, (11 in Area 1 and 32 ir Area 2),
including 2 off-site water monitoring wells. All Zoles were
drilled with a 6-inch auger and 1lined with 4-inch PVC
casing. The 1location of these auger holes iz shown in

Figures 9 and 10.

Each hole was scanned with a 2-inch by 2-incz NaIl(Tl)
detector and rate meter system for an initial indication of
the location of subsurface contamination. Basec on the
initial scans, certain holes were selected for detailed
gamma logging using the IG detector and MCA. A total of 19

holes were logged in this manner.

The results of the NaI(Tl) counts and IG analyses are

shown 1in Table 5. Concentrations of Bi-214, as determined



by the IG system, ranged from less than 1 to 19,000 pCi/qg.
For those holes where both NaI(Tl) and IG counts were made,
a good correlation between gross Nal(Tl) counts and Ra-226
concentrations, as determined by Jin situ analysis of the
daughter Bi~214 by the IG system, was found. Figure ll is a
plot of NaI(Tl) count rate versus IG determination of
Ra-226, and shows a nearly linear felationship between the
two at concentrations near the action criteria. The
conclusion is that the NaI(Tl) data is a good estimation of
the Ra-226 concentration in soil, so 1long as the
radionuclide mix is reasonably constant. ' In the case of

West Lake Landfill, this has been shown to be the case.

It was determined that the subsurface deposits extended
beyond areas where surface radiation measurements exceeded
action criteria. Figures 12 and 13 show the approximate
area of subsurface contamination versus the area of elevated
surface radiation levels. The total difference in areas is

on the order of 5 acres.

The variations of contamination with depth are shown in
Figure 14. As can be seen, the surface elevations vary by
about 20 feet, with the highest elevations at 1locations of
fresh £ill, Contamination (> 5 pCi/g Ra-226) is found to
extend from the surface, in several areas, to a depth of
about 20 feet below surface, in two cases. 1In general, the
subsurface contamination appears to be a continuous single

layer, ranging from ¢two to fifteen feet thick, located

15



between elevations of 455 feet and 480 feet and covering

16 acres total area.

In Figures 15-19, -representations of the subsurface
deposits are provided based on auger hole measurements.
These representations are consistent with the operating
history of the site, which suggests that the contaminated
material was moved onto the site within a few days; time,
and spread as cover over fill material. Thus, one would
expect a fairly continuous, thin layer of contamination, as

indicated by survey results., .
(D) Water Analyses

A total of 37 water samples were taken during this
survey, 4 in the fall of 1980, and the remainder in the
spring and summer of 198l. Results of water analyses are

shown in Table 6.

None of the sample alpha activities exceeded the MPC for
Ra-226 (the most restrictive nuclide present) in water for
unrestricted areas. Only one sample exceeded the EPA gross
alpha activity quidelines for drinking water and that was a
sample of standing water near the Shuman building.. Several
samples, including all the leachate treatment plant samples,
exceeded the EPA gross beta drinking water standards.
Subsequent isotopic analyses indicated that all the beta
activity can be attributed to K-40, None of the off-site

samples exceeded either EPA standard.



(E) Airborne Radioactivity Analyses

Both gaseous and particulate airborne radioactivity
were sampled and analyzed during this study. Since it was
known that the buried material consisted partially or
totally of wuranium ore residues, the sampling program
concentrated on measuring radon and daughters in the air.
Two methods were used: the first was a scintillation flask
method for radon gas and the second was analysis of filter

paper activity for particulate daughters.

A series of grab samples using the accumulator method
(described in Appendix I) were taken between May and August
of 1981.. A total of 111 samples from 32 1locations were
collected. Results can be found in Table 7. Radon flux
levels ranged from 0.2 pCi/sqg.m-s in low background areas to

868 pCi/sg.m-s in areas of surface contamination.

At three locations, repetitive measurements were made
over a period of two months. These results are plotted in
Figure 20. As can be seen, significant fluctuagions were
observed at two locations. The fact that these fluctuations
were real and not measurement artifacts was later confirmed

by duplicate charcoal canister samples, as described below.

A total of 35 charcoal canister samples were gathered
at 19 locations over a three month period. The results are
listed in Table 8, and show levels rangiﬁg from 0.3

pCi/sq.m-s to 613 pCi/sg.m-s. On 24 different occasions,

17



the charcoal canisters and accumulator were placed in
essentially the same locations, at the same time, for
duplicate sampling. The results of this side-by-side study
are presented in Table 9, and show denerally good

correlation between the two methods.

A set of 10 minute high volume particulate air samples
were taken to determine both short-lived radon daughter
concentrations and long-lived gross alpha activity. Sample
reéults are shown in Table 10. The highest levels were
detected in November, 1980, near and inside the Shuman
building. Only these two samples exceed MPC for radon

daughters for unrestricted areas.

In addition to the routine 10 minute samples, five 20
minute high volume air samples were taken and counted
immediately on the IG gamma spectroscopy sSystem. The
purpose of these analyses was to detect the presence of
Rn-219 daughters. All samples were taken near surface
contamination and are 1listed in Table 1ll. In addition to
Rn-222 daughter gamma activities, Rn-219 daughters were
detected by measuring the low abundance gamma rays of
Pb-211. Concentrations of Rn-219 daughters ranged from

6E-11 uCi/cc to 9E-10 uCi/cc.

(F) Vegetation Analysis

Vegetation samples included weed samples from on-site

locations and farm crop samples (winter wheat) from the

c  —— — i =
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northwest boundary of the 1landfill. This 1location was
chosen due to possiblé run off from the fill into the farm

field. No elevated activities were found in these samples.
(G) Non-Radiological Analysis

Six composite samples were submitted to the RMC
Envirohmental Chemistry Laboratory for priority pollutant
analysis., Five samples were taken from auger holes (one
from Area 1 and four from Area 2) and the sixth from the
West Lake leachate treatment plant sludge. The results,
shown in Table 12, indicate a significant presence of
organic solvents in Area 2 samples. The results of the
leachate sludge analysis were not as high as any of the soil

samples.

A chemical analysis of radiocactive material from both
areas was also performed by RMC labs and reported in Table

13. Results show elevated levels of barium and lead in most

cases.
(H) Background Measurements and Remedial Action Criteria

Various off-site'locations were selected for reference
background measurements. The results of these measurements
are summarized in Table 14, and can be compared with the
established NRC target criteria for remedial action, for

this project, shown in Table 15.
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V. CONCLUSIONS

Based on survey results, it is evident that the west
Lake. Landfill <contains two areas of surface and/or
subsurface contamination. These deposits yield detectable
exterhal radiation levels in both areas. However, only an
area of less than 0.1 acre in Area 1 exceeds 20 uR/hr,
while about 8 acres in Area 2 exceeds the 20 uR/hr criterja,.
The highest reading detected in the most recent survey was

1.6 mR/hr in Area 2, near the Shuman Building.

Analyses of soil samples from both areas, as well as
in_situ measurements, show that the contaminants present at
West Lake consist of wuranium and uranium daughters.

Chemical analyses reveal high concentrations of barium ang

‘sulfates in the radiocactive deposits. These results tend to

confirm the reports that this contaminated material js
uranium and uranium ore, contained in leached barium sulfate
residues, and presumably transferred from the Latty Avenue

Site in Hazelwood, Missouri.

Analysis of soils also shows a high Th-230 to Ra-22¢
ratio. Since the target criteria for Ra-226 is the most
restrictive of those contaminants present, it has been
assumed that Ra-226 would be the controlling radionuclide
for remedial action determinations. However, since Th-230
levels may be from' 5 to 50 times higher than Ra-226¢

concentrations, this assumption may be erroneous. It is

likelv that+ | S e L e abkl e - £ LL - .. ..



separation of both uranium and radium from the ores, thus
*depleting™ the ores of uranium and radium, or, "enriching”
the residues in thorium. This "enrichment" would ;lso be
evident in the U-235 chain, despite the short half-lives of
Th-227 and Th-231, since the long-lived Pa-231 would remain
in the residues. The concentrations of Pa-231, inferred from

Ra-223 determinations, are also shown to be high.

Auger hole measurements show that nearly all the
contamination present is located below the landfill
surface,although a few locations near thé northwest berm in
Area 2 show surface, or near surface, deposits. These
deposits range from 2 to 15 feet in thickness, and appear to
form a contiguous layer covering an area of about 14 acres
(68,000 sg.yd.) in Area 2 and about 2 acres (10,000
sq.yd.)in Area 1. If an average thickness of 2 yards is
assumed, the estimated total volume is 150,000 cu.yd., which
corresponds to roughly 170,000 tons of soil. This implies
that if the source of contamination was the Latty Avenue
material, the original volume of 40,000 tons has been
diluted by a factor of about 4, which is not unexpected,
with the continual movement and spreading of materials

during f£ill operations.

As discussed previously, the auger hole measurements
detected deposits exceeding 5 pCi/g Ra-226 within a few feet
of the surface, in areas where surface external radiation

levels were indistingdishable from normal background levels.
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These results confirm suspected difficulties in detecting

buried materials with surface measurements, even when using

relatively sensitive portable survey instruments.

At no time has radioac;ivity in off-site water samples
been above any applicable guidelines. These results
indicate that the buried ore residues are p;obably not
soluble and are not moving off-site via ground water. On-
site samples have shown some gross beta activity above EPA
drinking water guidelines (attributable to K-40); however,
gross alpha and Ra-226 levels are within limits. The
absence of significant contamination in the leachate liquid
or sludge is consistent with the implication that the buried

material is not moving through the landfill.

As would be expected, radon flux emanation rates were
highest at locations of surface, or near surface,
contamination. At locations where the material is covered

by several feet of £fill, flux levels are near background

rates.

Particulate air samples established indicated the
presence of Rn-222 and Rn-219 daughters near the locations
of surface deposits. However, concentrations are very low,
and do not exceed allowable levels for unrestricted areas,
except in one location. 1In general, cover of a few feet of

f£ill reduces airborne concentrations to near background

levels.
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The fact that West Lake is an active landfill presents

several serious problems for performing radiological

assessments and remedial actions. In the £first place, as

the landfill conditions change, so do the surface

radiological characteristics. These changes were evident in

the reduction of radiation levels in Area 1 between November

1980, and May 198l. It is possible that future landfill

activities will obscure all .detectable surface radiation

levels at the site.
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Figure 6. Grid locations for radiological survey, Area 2.
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Location of surface soil samples, Area 2.
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Figure 9. Location of auger holes, Area 1. Lines A-A and B-B indicate cro o,
sectional areas shown in Figures 15 and 16. //
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sectional areas shown in Figures 17, 18, and 19.
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Figure 12. Location of subsurface contamination and surface radiation levels, Area 1.
The shaded area shows a lateral contour for 5pCi/g Ra-226, regardless of
depth. The cross hatched area shows the surface locations which exceed
20uR/hr at 1 meter.
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Figure 13. location of subsurface contamination and surface radiation level, Area 2.
The shaded area shows a lateral contour for 5pCi/g Ra-226, regardless of
depth. The cross hatched area shows the surface location which exceeds
20uR/hr at 1 meter.
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Figure 16. Cross section B-B (from Figure 9) showing subsurface deposits in Area 1.
The blagkened areas indicate the estimated extent of contamination exceed-
ing 5pCi/g Ra-226, based on surface and auger hole measurements.
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Table 1

Grid
Location

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Area 1

Nal Exposure Beta-Gamma Count
Count Rate Rate Rate w/window
(c/min) (uR/hr) (c¢/min)
1000 10 30
900 9 60
1200 11 30
800 8 40
800 8 20
1200 11 20
800 8 40
760 7 40
1100 10 50
1200 11 40
1000 10 50
1100 10 50
1200 11 40
1100 10 40
1200 11 30
900 9 40
900 9 30
1100 10 40
1200 11 30
900 9 40
1000 10 40
1200 11 40
2000 16 40
2700 20 50
2100 17 40 «
1500 12 60
1000 10 40
800 8 30
1100 10 20
1000 10 30
900 9 40
1000 10 20
1200 11 30
1000 10 30
1600 13 60
1300 11 40
2200 17 60
1300 11 30
- - 50
1100 10 40
900 9 30
1100 10 30
1200 11 S0
1000 10 40

Beta-Gamma Count
Rate w/o0 window
(c/min)
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Table 1, cont.

Grid
Location

Nal
Count Rate
(c/min)

Exposure
Rate
(uR/hr)

- -
WWODWEWYOWYW®

Ry
vooo

Beta-Gamma Count
Rate w/window
(c/min)

45

Beta-Gamma Count
Rate w/0 window
(c/min)



Table 1, cont.

Grid
Location

Nal
Count Rate
(c/min)

Exposure
Rate
(UR/hr)

Beta-Gamma Count
Rate w/window
(c/min)

46

Beta-Ganma Count
Rate w/o window
(c/min)



Table 2

Grid
Location

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Area 2

Nal

Count Rate

(c/min)

500
500
800
700
900
800
900
800
900
1000
500
800
700
800
800
800
900
800
900
700
1000
1000
800
800
800
800

Exposure

Rate
(uR/hr)

47

Beta-Gamma Count
Rate w/window
(c/min)

Beta-Gamma Count
Rate w/o0 window
(c/min)



Table 2, cont.

Grid
Location

Nal
Count Rate
(c/min)

600
9500
900
1100
9500
800
900
1000
900
1200
1000
800
600
900
900
600
1000
1100
1200
1100
2000
1400
1000
1000
800
800
800
1000

Exposure
Rate
(uR/hr)

Beta~-Gamma Count

48

Rate w/window
(c/min)

Beta-Gamma Count
Rate w/0 window
(¢/min)
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Table 2, cont.

Grid
Location

Nal

Count Rate
(c/min)

2500
>50000
7000
2300
1300
2100
700
>50000
1100
1500
1900
3700
8000
3600
5000
7000
1800
900
500
1200
1300
1600
2000
3300
1000
1000
47000
2300
1000
900
1200
1100
1400
1400
900
1000
900
>50000
1500
600
1100
1200
1000
1000

Exposure
Rate
(uR/hr)

49

Beta-Gamma Count
Rate w/window
(c/min)

Beta-Gamma Count
Rate w/0 window
(c/min)



Table 2, cont.

Grid
Location

Nal
Count Rate
(c/min)

1000

1200
6000
500
2300
800
800
1100
1000
900
1000
1000
1600
2500
3100
16000

Exposure
Rate
(uR/hr)

Beta-Gamma Count
Rate w/window
(c/min)

600

50

Beta-Gamma Count
Rate w/0 window
(c/min)

700




Table 2, cont.

Grid
Location

Nal
Count Rate
{c/min)

1000
2100
40000
20000
1100
900
1100
1100
1000
1100
4000
12000
>50000
1500
1000
1300
1600
1600

Exposure
Rate
(uR/hr)

Beta-Gamma Count
Rate w/window
(c/min)

1900

51

Beta~Gamma Count
Rate w/o0 window
(c/min)

500



Table 2, cont.

Nal
Grid Count Rate
Location (c/min)
YOOM 1100
YOON 3000
Y000 1700
YOOP 2100
Y00Q 9000
YOOR 40000
Y00S 3600
Z001I 800
Z00J 1000
Z00K 1800
Z00L 3200
Z00M 3700
ZOON 5000
2000 3300
Z00P 1900
Z00Q 2400
ZOOR 12000
Z00S 2600
a001I 900
a00J 900
al0K 1300
a00L 1800
a00M 1900
a0O0N 1200
a000 1300
a00p 1000
a00Q 2200
a00R 2300
aQos 2600
b00I 900
b00J 900
b0oOP 800
b00Q 700
bOOR 2400
b00S 2400
cOON 700
c000 700
c00p 1000
c00Q 1300
cO0R 1900
c00S 1800
aogo 1400
doop
dooqQ
d00R 2000
ao00s 2000
dooT 900

Exposure
Rate
(uR/hr)

Beta-Gamma Count
Rate w/window
(c/min)

52

Beta-Gamma COungf

Rate w/0 windoy 7~

(c/min)




Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate R ate w/window Rate w/o0 window
Location (c/min) (uR/hr) (c/min) (c/min)
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Table 2, cont.

Grid
Location

Nal
Count Rate
(c/min)

Exposure
Rate
(uR/hr)

Beta-Gamma Count
Rate w/window

54

(c¢/min)

8000

1000
7200
2800

Beta-Gamma Count
Rate w/0 window
(c/min)

b e

wee o




Table 2, cont.

Grid
Location

joox
jo0y
k0OOL
k0oOM
kOON
k000
k0OOP
k00Q
kOOR
k00S
k0OT
kC0U
koQvVv
k00w
k00X
k00Y
100L
100M
JOON
1000
l100pP
1000Q
100R
100s
100T
1000
100V
m000
mO00P
m00Q
mOOR
m00S

Nal
Count Rate
(c/min)

1200
1200
1100
900
800
700
700 -
900
1000

Exposure
Rate
(uR/hr)

tube with beta shield.

Beta-Gamma Count

Rate w/window
(c/min)

Beta-Gamma Count
Rate w/0 window
(c/min)

Reading >50,000 on Nal, reading was made with end window GM



Table 3
Surface Soil Sample Radionuclide Concentrations
(pCi/g), by Gamma Analysis

Location Sample K-40 U-238 Ra-226 Pb-214 Bi-214 Ra-223 Rn-219 Pb-211 Pb-212
GoocC Area 2, Berm 2.4E1 -—-—-- 2.1E0 2.1E0 2.1E0 «=—cce e ccer meemm
i00Q Area 2, Near Shuman Bld - ----- 3.0E2 B8.6E2 9.,6E2 7.6E2 1.6E2 3.1E2 3.6E2 ~==—=
ZOON Area 2, Road Surface W ~-—--- 4.4E1 6.0E2 6.6E2 5.4E2 2,0El 2.0E1 ----- ~~-—-
000J Area 2, Near Berm = = = = —==—= 5.7E2 2,3E3 2.,5E3 2.0E3 6.0E2 7.8E2 9.6E2 -----
000G Area 2, Near Berm 2.1E1 ~——=—- 1.0E1 1.,1E1 9.,6E0 ~=c-v ecocme ceocee  cceee
NOOI Area 2, Near Berm = =—==-—-— 5.5e2 2.0E3 2.0E3 2.1E3 4.9E2 7,9E2 8.9E2 ~-----
MOOE Area 2, Berm 1.3E1 --———- 3.9E1 4.2E1 3.6E0 --==== =—ccemm cemee ceeeo
F0OC Area 2, Berm l.4E1 --——- 1.7E0 1.9E0 1.5E0 +===== cmcoe cecccac cace-
S00K Area 2, Near Gravel Pile 3.2E1 -=--- 3,9B0 3.9B0 ~——-= oo crece cmmen —emee
ioop Area 2, Near Shuman Bldg ----- 8.3E2 4.0E3 4.4E3 3.6E3 9,.6E2 9.6E2 1.5E3 -----
SO00L Area 2, Near Gravel Pile 2.8E1 ----- 2.,5E0 2.4E0 2.6E0 --==-- <cocecoe cmeeen e
h00Q Area 2, Near Shuman Bldg -~---- 1.5e2 3.0E1 3.4E2 2.6E2 1.7E2 1,9E2 1.5E2 -----
SPEC Off-site Bkg Earth City 2,6E1 ----—- 2.5E0 2.5E0 2,5E0 -—=--- ~e;ece cecemee —mee-
ioop Area 2, Duplicate = ----- 6.4E2 2.7E3 3.0E3 2.4E3 2.3E3 1.2E3 1.1E3 -----
SPEC Off-site Bkg Earth City 1.9E1 ----—- 2,7E0 2.,5E0 2.9E0 =~=-=- =ceme  cemee ——eeo
2000 Area 2, Road Surface  =—=——-— 2.8E1 5.2F1 S5.7E1 4.,8E1 3.1E1 3.1E1] 3.4E1 -----
SPEC Leachate Treatment Sludge ----=- =—=—-- 6.9E0 7.9E0 5.9E0 ---== ===e= —emme cee-o
NOO1I Area 2, Near Berm = ====- 7.6e2 7.1E3 1.0E4 4.2E3 2.2E3 2.0E3 1.8E1} -——-—=w-
SPEC Area 1, Base 6 Near Road  —-—--- 6.5e2 2.,4E3 2.7E3 2.1E3 1.6E3 1.4E3 1,0E3 -~---
POO1I Area 2, Near Berm l1.7E1 1,080 7.0E0 7.3E0 6.8E0 -—=== ~r=cee —ecee e
SPEC Area 1, Base 7 Near Road ----- 3.7E1 2.7E2 3.4E2 2.1E2 2,9E1 --=-- 5.8E1 2.2E0
SPEC Leachate Treatment Sludge ~----~ ——--- 2.3JE0 -~---—- 2.3E0 ~==m= mmmme cmmee —meee
SPEC Area 1, Base 6 Near Road =—----- 6.5E2 2.,7E3 3,1E3 2.5E3 1.2E3 1.1E3 9.5E2 -----
SPEC Area 1, Base 5 Brown Soil ----- 3.9E2 1.1E3 1,6E3 8.2E2 2.8E2 3.8E2 3.7E2 ~-=---
SPEC Area 1, Base 5 Black Soil ----- 3.1E2 6.8E2 7,862 5.8E2 3.1E2 3.2E2 3.2E2 ~--==-
SPEC Off-site Bkg Taussig Road 3.2E1 -~---- 2,5E0 2.,4E0 2,6E0 --—--=  ~—=e-—- —o-—- 2.4E0
SPEC Area 1, Base 5 White Soil ----- 2.1E3 2.1E4 2.3E4 1.9E4 5.3E3 5.3E3 5.0E3 -=—--
iooP Area 2, Duplicate = =-==- 6.2E2 3.5e3 3.,7E3 3.2E3 1.3E3 1.3E3 1.7E3 ~—==--
J00G Area 1, Hot Spot @ ===—-- 3.4E1 9.7E1 1.,1E2 8.3E1 4.3El1 4.3El 4.6E1 ~----
MOOH Area 1, Low Level Area 2.2E1] -=——- 2.780 2.,6E0 2.8E0 --=== <—==== —-—-- 3.0EQ
KOOF Area 1 2.0E1 <---- 3.7E0 3.6E0 3.BE0 ~-=--= ——-cee  ——-eo 2.1E0

SPEC Area 1, East Berm 2.4E1 ----—- 2.6E0 2.2E0 2,9E0 ---=- ===== —--e- —o-o-
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Table 3 cont.

Location Sample K-40 U-238 Ra-226
I00L Areal  mmemee e-ee- 2.9E0
SPEC Area 1, East Berm l1.86l] --=-- 2.4E0
POOH Area 1, Near Road J.0El ~-w--- 4.3E0
N6 2H Area 1 2,5E1 —~=—= 4.1E0
011J Area 1, Near Berm =  =—-—- 9.4E2 4.,.2E3
L73E Area 2, Side of Hill =  ~==w- 3.8E2 1.1E3
KOOF Area 1 .9E1 -—-=-- 4,.4E0
N6 2H Area 1, Fill 2.7E1 --—-- 3.1E0
NOOF Area 1, Fil1l = ==ree —m—e- 2,.6E0
J00G Area 1, Fill = =mmem o 2.3E0
K66E Area 1, Near Parking Lot -==~- ----- 1.5E1
1001 Area 1, Fill 3.1l ---=- 3.8E0

—— - - - e - - -—— e - -

2.0E3
4.5E2

2.1E3
4.6E2

2.1E3
3.8E2

3.9E3
1.0E3
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Table 4

Bi-214 from Gamma Spectroscopy

Area
Area
Base

Base

A WU NN e e

Surface (1980)
Surface (1980)
Borehole 1 (1980)
Surface (1980)
Surface (1980)
Surface (1981)
Surface (1981)

Borehole 11 (1981)

N11J Surface (1981)

011J Surface (1981)

(A1l +/- 25%)
3.8
12
21
175
18
101
54
82
127
1.0

Soil Radiochemical Analysis

Th-230
(A1l +/- 253)
82

597

188
6,095
338
178,000
46,100
29,200
27,200

52,000

(A1l +/- 25%)

P

2.1
25
44
1,488
9.4
19,000
2,600
1,800
2,000
3,900
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Auger Hole NaI Counts and IG Analysis

Table 5
Borehole #1 Radionuclide Concentrations (pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223  K-40 Pb-211 Pb-212
00 >50,000 1.6E1 1.6E2 1.7E2 1,6EB2  —-—crn mmrrie | e mmeee
01 >50,000 7.5E2 6.5E2 9E2 1.7E2  =—mmem meeeee 1.4E2 @ cem———-
02 >50,000 2.2E4 2.4E4 1.9E4  ———--—- e cmeeea 4.2E3 2 —emmeee
03 >50,000 4.0E3 3.0E3 4.8E3  ~—~—=-- 1.1E3  =-====- 2,1E2 = —eeeee-
04 >50,000 1.3E3 1.2E3 1.4E3 9,3E1  ~—=—em ceeccen memeee mmeeee-
05 20,000 2.4E1  ~——---- 2, 4E1]  —=-m-= mmmee- B.0E)  <+m=—==«  eccuna-
06 4,500 3.9E0 3.5E0 4.3E0  —~memm e 1.1E]  —==mm= e
08 2,200 2.3E0 2.3E0 2.2E0  —~~=—=  ——meee 1.4E1  =——=m=m 7.2e-1
10 2,000 2.3E0 2.4E0 2,2E0  -~--== oo 1.3E1 —————— 8.3E-1
12 1,500 1.9E0 2.2E0 1.6E0 ~—=—=== === 1.3E1]  —====- T mm————
14 1,300 1.8E0 1,.9E0 1. 7B0 === e 9.7E0  -==-=- 6.3E-1
16 800 1.3E0 1.2E0 1.3E0 —————— —————— 1.0E]  ——===- 3.9e-1
18 800 1.2E0 1.6E0 8.0E-1 —--m-= e 3.,3E0 —==—=- 3.0E-1
20 800 8.1E-1 7.4E-2 8.7E-1 —==--— e~ 1.0E1  --=-=- 3.2E-1
22 500 6 .5E-1 4.0E-1 9.0E-1 -—----=  —mee-- 2.5E0  ==m=mmm= cmmeeee
24 150 2.5E-1 2.8E-1 2.1E-1 ——--m= eeeeee 1.5B0 ~—====  cece—a-
26 1,000 6.3E-1 7.2E-1 5.4B-1 —-—=e-  mmmee- 6.3E0 --—--- 3.1E-1
28 1,300 8.7E-1 8.4E-1 8.9E-1 ——mem= =mme=- ]1,2E1 —m---- 5.7E-1
30 500 4.3E-1 ---——=-- 4.3E-1 FTmmem= | eee—e- 3.0E0 --=--- 2.1E-1
32 700 1.3E0 1.E0 1,2E0  ~=---= —=ce=-- 6.1E0  -—---- 4.2E-1
34 1,400 2.4E0 2.5E0 2,2E0  —==-m= mmeeee 6.1E0  ~====- 5.4E-1
36 1,800 1.4E0 1.5E0 1,2E0  —==-==  —=e==- 1,2E1]  —====s cmmeeee

Borehole #3 Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 8.4E2 7.8E2 B.,4E2 ===  soe-me eemee- 6.4E1 = -—--=-—-
0l >50,000 1.5E4 1.3E4 l1.9E4 1.4E3  -—=--=  ==cses se-mme | seme——-
02 >50,000 7.0E3 5.3E3 8.7TE3  ~==-m=  momeeee sessee | smmmes | someee-
03 1,400 2.3E1 1.4E1 3.2E1]  —-m=m=  emeee- 1.2  ====v= = —=m—---
05 2,300 6.2E0 5.8E0 6.6E0 -—-—--==  —o-——- 8.9E0  --===== = e-=——--
07 3,000 4.7E0 4 .9E0 4.4E0  --=--=  mm-——- 6.9E0 ---==- = —o-----
09 1,800 3.5E0 4.2E0 2,BE0  --—==-— 3.6E0 8.2E0  -===~=  meme——-
11 1,000 1.8E0 2.1E0 1,50  ====—=  -=———= 4.1E0  -=-==— = —===-—-
13 600 1.7E0 1.4E0 2,0E0 —===-=  eSo-e-= ssoses essss= TTEmesT

15 1'800 4.5E0 4.6E0 4.4E0 ------ 407E0 4.250 S TT T s TEEEm T
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Table 5, cont. B

Borehole #3, cont. Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
17 1,000 9,.0E-1 1.1E0 7.3E-1 —=——ov e 6.4E0  o~me-—e 4.4E-1
19 500 2,9e-1 3.E-1 2.1E-1 === e 2.2E0  —meeee e
21 500 5.0E-1 7.E-1 A4 e e 2,.0B0  ~—~eme;ce ecee——-
23 700 1.0E0 1.1E0 8.7E-1 ~—---= e 6.3E0  ~——meeo 5.3E-1
25 600 3.3E-1 3.7E-1 2.9E-1 ~—-——= e mmercm | dmmmee mcmeo
27 900 9.7€-1 1.1E0 B.4E-1 ~——--- em——uo 6.5E0  ~me———— 5.4E-1
29 1,000 5.4E-1 4.8E-1 6.0E-1 --—--=  cmm——- 7.6E0 = =~meemee= em——mem

Borehole #4 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra=-223 K-40 Pb-211 Pb-212
00 >50,000 ~=-——- 1.5E2 1.7E2 1.3E2 9.5E1 « -———=e- 9.9E1 = m=-=-e--
01 >50,000 $5.3E2 2.1E3 1.7E3 2.5E3 9.862  —--mee 1.2E3 =
02 >50,000 —~e——- 1.2E2 9.E1 1.5E2  ——ceee 3.6E0 —————— ———————
03 14,000 —=~-=-—- 2.8E0 2.1E0 3.5E0  ~—eee- 3.BE0) e e
04 2,900 ~--—=- 1.6E0 1.6E0 1.6E0  ~————= 3.6E0  —ememee | eeeeeea
06 1,100 -===—-- 1.4E0 1.5E0 1.2E0 8.6E-1 4.1E0  ——mee=m meeeee-
08 1,200 ~--=-- 1.7E0 1.9E0 1.5E0 9.0E-1 7.1E0  —==—== e
10 1,500 =-=——- 2.7E 2.8E0 2.5E0 8.3E-1 9.3E0 3.8B0 29 ~-e-ee-
12 2,600 ==-=== Frme—eees feemee emm—ms | mmemme | ememeem | mmemee memmeee
14 1,500 ---=-- 1.7E0 1.6E0 1.7E0 7.0E-1 7.0E0  ~~-==-=  —eeee--
16 1,400 ~e-=-- 1.0E0 1.2E0 8.4E-1 —=——-=  cmeeee mmecee e
18 1,100 —=-—==- 8.0E-1 8.E1-1 8.0E-1 ~--mw- 8.5E0  —~=——- 3.8E-1
20 800 ~—-=--- 7.6E-1 8.6E-1 6.6E-1 —————= ——meee cmcree | cemeeee
22 1,100 —=—=—- 1.1E0 .1EO0 1.1E0  -—==—- 7.7E0  —=——==- 4.1E1
24 1,200 ~===-- 7.5E-1 8.1E-1 7.0E-1 —eeee- 1.6E-1 -—=—=-—- 3.5E-1
26 1,000 ~===-- 4.8E-1 4.2E-1 5.4E-1 ~——=-—- 6.6E0  —~—-—-— 3.0E-1
28 700 ~----- 7.1E-1 7.2E-1 7.0E-1 ~=ceee emmmee | mmemee emmeee—
30 1,300 —=-—=- 8.7E-1 9.9E-1 7.5E-1 ——eee- 1.4  —==——- 6.4E-1
32 1,500 =——w-- 9.5E-1 9.5E-1 9.5E-1 —-m——- 1.5E1  ======  sec—c---
34 1,700 ---—-- 1.9E0 2.2E0 1.6E0  -———-- 1.3E1  ===—-- 5.5E-1

Borehole #5 Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi~-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 1,800 1.860 ---—-—- 1.7E0  —==—== - 6.3E0 —mm===  meeee—-
02 1,500 2.5E0 2.9E0 2.0E0  ~===—- 3.4E0 4. 060 —===== = —eeee-
04 2,700 3.4E0 3.7E0 3.1 E0 -—-=-==  —————- 4,40 ----=- = momem—-




Table 5, cont.

Borehole #5, cont. Radionuclide Concentrations [pCi/qg]

Depth Gross Nal Ra-226 Pb-214 Bi-214  y-238 Ra-223  K-40 Pb-211 Pb-212
08 1,000 1.3E0 1.6E0 1, 0B0 —--one o 1.0B]  ——cmem e
10 3,000 4.3E0 4.3E0 4.3E0 ~——-nn  emeeee 4.7E0  ————em 2.0E0
12 1,700 .1EQ 1.%€E 2.3B0  —emmme e 2.9E0 2.2E0 2 em—————
14 1,000 1.8EO0 1.3E0 2.3E0 ~———me e 3.0EB0 2 ———eme emm———
16 700 8.3E-1 6.0E-1 1.1E0  ———=me e 2.1E0 —ememee meeeee-
18 500 8.9E-1 6.8E-1 1.1E0 --——== e 2.1E0 —=—mem=  cmee——-
Borehole #6 Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 2,000 -—----- 7.3E0 8.3E0 6.4E0 7.4E0 9.4E0 1,2E1 ——————-
02 2,000 <—===== cmmmmme mmmeee cmeeee cmmeen mmmeee mmeeee T mmmeeee
04 3,200 2.2E1 2.5E0 3.0E1 .0El 2,0E1]  ------ 1.,9E1 = ~=e-e--
06 3,500 -—-=---- 2.1E0 2,2E1 2.1E1 1.9E1  —==-—- 1.6E1 = -—==——--
07 6,000 1.6E1 1,5E1 1.7E1 1.3E1 8.1E0  —-—=e==  cemecee ceeeee-
N 08 26,000 3.9E1 2.1E1 2,2E1 2.1E1 1,8E1  —===—- 1.5E1 = —==-—--
09 >50,000 —-=--- 4.0E1 4.1E1 4.0E1 J.6El  —mmeee  mmmeee | -
10 43,000 -—---- 5.8E1 5.3E1 6.3E1 4.1E1 —————— 4.0E = --=-=--
11 >50,000 ~e--—- 3.6E2 2.8E2 2.3E2 2,0BE2 | e——--- 1,72 2 = =—==—m—-
12 16,000 4.4E1 9.9E1 9.1E1 1.1E2 3.9E1  ------ 5.661 @ --=——--
13 2,600 —-—--- 6.4E0 7.2E0 5.5E0 4.4E0 8.5E0 -====m @ ——e—ee-
15 1,100 -=-=== cermcmem cmemem mmmmee mmmeme smsmes | mesmeee | smemoe-
Borehole #8 Radionuclide Concentrations [pCi/qg]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 2,000 ---——- 3.7E0 4.0E0 3.4E0 1.5E0 5.2E0  --~-=-- 4.9E-1
02 1,500 —===-- 1.4E0 1.5E0 1.3E0 -=—--—- 6.5B0 -~~~ me-———-
04 1,100 —===—- 1.1E0 1.2E0 9,2E-1 -———-—- 4,7E0  -==—== = ==m—e--
06 1,400 ------ 1.1E0 1.1E0 1.1E0  —==-—- 1.1E1  -==—-- 8.3E-1
08 1,400 ~---—-- 1.1E0 1.1E0 1.1E0  -—==—- 1.1E1  ~=~--- 8.E-1
10 1,500 —=—=—- 1.2E0 1.2E0 1.1E0  ——=--- 1.1E1] - ==~eoe mmmmmee
12 1,400 -—-—---- 1,2E0 1.1E0 1.3E0  -==-=—- l1.3E1  -==-—- 7.E-1
14 1,600 -—=—-—— 1.1E0 1.1E0 1.1E0  -=-=--- 1.5E1  ====== = ====-=-
16 1,000 —--=--- 1.1E0 1.3E0 8.2E~-1 —————- 1.1E1]  ~==-== = eem—e—-
18 1,400 -——==-- 1.2E0 1.4E l1.1E0  --—-=—- 1.4E1  -—~=-- 4.7E-1
20 1,700 -——--- 1.8E0 2.0E0 1.6E0 1.1E0  ==—====  —=m——- 8.4E-1




Table 5, cont.

Borehole #9 ) Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223  K-40 Pb-211 Pb-212
00 1,400 ------ 2.2E0 2.3E0 2,.0E0  ~e--mmr mmmmen e 3.2E-1
02 22,000 4.6El 5.6E1 5.6E1 5.5E1 3.5E1 1.1E1 3.1E1 = emeeee-
03 11,000 ------ 5.4E0 4.2E0 6.5E0 @ -—-—-- 1.2B1  =—==me e
04 2,000 ~------ 1.3E0 1.3E0 1.,4E0  -~v—m- 9.3E0  —~=—c==e emeeeo
06 600 —-————- 7.0E-1 8.4E-1 5.6E-1  ——-—w~ 3.8E0  ~-=---m  ceeeeeo
08 1,000 -—-—-- 9.8E-1 7.8E-1 1.2E0  -—=--u- 6.1E0  —~—c== eme——eo
10 900 —---~- 8.0E-1 9.5E-1 6.5E-1 ——mm-- 5.E0 1.6E0 =  ~———ee--
12 1,000 | ——=——- 1.1E0 1.3E0 1.0E0  ——=—w- 8.1E0  -=-—-- 3.4E-1
14 700 2.7E0 7.7E1 8.3E-1 7.0E-1 ——--e- 4.9E0  ------ S.0E-1
16 1,100 -—=—-- 1.0E0 1.0E0 1.0E0 -=---= —c-we- § eme— 4.7E-1
18 1'300 -------------------------------------------------
20 1,000 7.6E-1 1.1E0 1.2E0 9.8E-1 -—---- 8.7E0  ==e--e e
22 1,200 ~--=--- 1.3E0 1.3E0 l1.2E -==-—- 9.5E0  -==—-- " 5.3E-1
Borehole #10 Radionuclide Concentrations [pCi/g]
o Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 7,000 --—=——- 3.5E0 3.3E0 3.7E0 9.4E-1 3.6E0 —==--= = —e————-
01 35,000 ~--—-- 1.4E1 9.2E0 1.8E1 4.4E0 3.6E0 ~===== = —ce———-
02 50,000 —---—- 4,2E2 3.7E2 4,8E2  ——---= meemee memmee e
03 >50,000 ----—- 4.8E2 4.4E2 5.2E2  ~-=-em somees mmeeee e
04 35,000 ------ 2.5E1 1.8E1 3.E1 —emmmm mmmmem mmmmee e
05 13,000 ------ 9.4E0 8.3E0 l1.E1 = ---===  sesmes meseee mmeeeeo
06 4,500 -—--—-- 1.2E1 1.4E1 1.0E1 3.90 ---=—- 5.0E0 3.1E-1
o8 2,000 -=-=--- 1.3E1 1.1E1 1.5E1  -==-== ——ceee eeeeo 2.4E-1
10 1,800 7.3E1 1.2E2 1.3E2 1.0E2 7.0E1  --=—-- 4,51 = —~—----
12 2,000 1.2E1 1.6E1 - 1.8E1 1.3E1 1.1E1 4.2E0 1.1EF1 = ——=em--
14 500 4.9E0 5.1E0 6.1E0 4.0E0 2.7E0 3.0E0  ~=---=  —mmeeee-
Borehole #11 ' Radionuclide Concentrations [pCi/g] -
Depth Gross Nal Ra-226 Pb-214 Bi-214 u-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 8.4E1 6 .6E1 1,062  ----—- 2.2E1 5.6E0  ~===e- mmmeee-
01 >50,000 3.6E3 2.9E3 4.4E3 7.7E2  -=====  s-=s-=  smeem- | momeoee
02 >50,000 1.3E4  —------ 1.3E4 2.9E3  ~=m-mse smmeme ssesms mesmeeee
03 >50,000 1.7E3 1.1E3 »2E3  —---m= mmmsmos —eeeem seemee momooee
04 30,000 7.0E0 5.3E0 8.6E0  --m--= ~mm--m me—eee emoeee oomeeee

05 22,000 4.9E0 4.6E0 5.2E0  ~--——- 3.6E0 1.3E1 7.1E0 7.4E0




Table 5, cont. ‘
Borehole #11, cont. Radionuclide Concentrations ([pCi/gq]
Depth Gross Nal Ra-226 Pb-214 Bi-214 u-238 Ra-223 K-40 Pb-211 Pb~-212
06 20,000 7.1E0 7.4E0 6.7E0  -—---- 4.6E0 1.5E1 @ ——e—cea
07 20,000 8.3E0 8.8E0 7.8E0  —mmmmm e 1.1E1]  ——-mmm
o8 20,000 1.3E1 1.5E1 1.2E1  -==w-- 2.0E1 1.0E1 5S.8E0 @ ~-——emno
09 20,000 —————— ——————— —————— —————— —————— Cmmcem  memeeme e
Borehole #16 Radionuclide Concentrations [pCi/g]}
Depth Gross Nal U-238 Pb~-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
02 6,000 1.3E1 1.4E1 1.6E1 1.1E1 4.3E0 6.2E0 6.1E0 = ————e--
03 9,000 -—-—-—-—- 1.8E1 2.2F1 1.5E1 6.9E0 7.9E0 8.8E0 ————
04 33,000 2,.8E1 5.0El 5.9E1 4.2E1 2.0E1 5S.0EOQ 1,6E1] = ~——=ecew--
05 48,000 6.5E1 1.1E2 1.3E2 9.8E1 5.6El 1.0E1 3.,7E1 = —mmeme-
06 35,000 —=-=-- 1,.2E2 1.4E2 1.0E2 7.8E1 6.7E0 4,3E1 = —eeeme-
07 9,000 ~----- 4.8E1 5.5E1 3.1E1 3.1E1  —==—e- 2.0E1 ) 8.2E-1
Y o8 6,000 1.2E1 1.4E1 1.5E1 1.2E1 4 ,8E0 3.7B0  —mmmme | mmeee-
w 09 15,000 -—-===-- 1.5E1 1.7E1 1.3E1 7.0E0 4.1E0 5.5E0 C e ————
10 35,000 ------ 5.8E1 6 .6E1 5.0E1 7.5E1 2.3E0 2.5E1 = s--e---
11 >50,000 1.7E2 3.8E2 4.5E2 3.1E2 1.,7E2  =—===—- 1.4E2 8.5E-1
12 >50,000 1.9E2 5.1E2 6.0E2 4.8E2 3.0E2  ~=-=-- 1.4E2 2.8E0
13 >50,000 1.2E2 2.4E2 2.4E2 2.4E2 7.2E1 = ~=—=e-- 2,6E1 = ——e—-—-
14 >50,000 3.3E2 5.4E2 4,.7E2 6.0E 2.4E2 2 -===-- 4,062 2 -——-——--
15 50,000 ------ 9.2E3 6.9E3 1.1E4  ~===-e  commee mmceee | mmeeeee
16 >50,000 —----- 7.7E3 6.1E3 9,2E3  —=m=== mmcmee | meemea | e
17 37,000 —==-=- 8.2E1 8.1El 8.3E1  1.6El 5.7E0 2,6E1 = cemeee-
18 8,000 ~—-—-- 2.9E1 3.0E1 2.7E1 6.1E0  —-~—-- 1.5E1 = —-e-ee-
19 6,000 1.3E1 3.4E1 4.2E1 2.6E1 1,562  —==w=- 1.9E1 = ~e-eee-
Borehole #17 Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 700 ------ 1.2E0 1.1E0 1.2E0  --==-- 4.4E0 & ==-==-m @ eemmee-
02 600 ~-———- 5.4E-1 5.3E-1 5.4E-1 ———=—- 2.3E0  -=--—-~ 1.3E-1
04 300 -—----- 3.3E-1 3.7E-1 2.,9E-1 —-——-- 1.8E0  --=—-- 1.8E-1
06 250 ——---- 2.6E-1 2.4E-1 2,7E-1  —=—--- 1.9E0  ====== = —=ee---
08 300 ------ 2.4E-1 2.9E-1 1,9E-1 ~=m=== mmmeme mmmeee e
10 300 —----- 2,9e-1 3.6E-1 2.2B-1 —~-==—- 2.0E0 —--=-= —oemee-
12 400 —=---—- 2.7E-1 = —=——-- 2,7E-1  ——=——- 3.0E0  --=~—--~ 2.1E-1
14 700 —----- 5.9E-1 5.3E-1 6.5E-1 —-———- 4.7E0  —==-—- 6.5E-1
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Table 5, con

Borehole #17

Depth Gross Nal

16 1,500
18 800
20 3,000
22 1,000
Borehole #18

Depth Gross Nal
00 1,000
02 1,500
04 1,100
06 1,000
08 600
10 600
12 1,100
14 1,000
16 1,000
18 1,200

Borehole 119

Depth Gross Nal

t.

¢ CcoOnt.

- — - —— - -

U-238

------
——————
——————
______

- = v -

u-238

——————
——————
——————
——————
------
——————
______
------
——————
——————

——————
------
------
------

Pb-214

Y

Radionuclide Concentrations [pCi/qg]

Bi-214

Ra-226

Ra-223

—— e o -

- A -

K-40

Radionuclide Concentrations [pCi/g]

Bi-214

Ra-226

Ra-223

- - —

——————
——————
——————
——————
——————
——————
______

K-40

-—— - — o

Radionuclide Concentrations [pCi/g]

Bi-214

Ra-—-226

Ra-223

K-40

Pb-211

______
______
______
------

- . - — -

- — -

-——— - ——




Table 5, cont.

Borehole 120 Radionuclide Concentrations [pCi/q]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223  K-40 Pb-211 Pb-212
00 10,000 ------ 8.9E0 3.8E0 1.4E]1 6.9E0 6.8E0  ———meee mceeeeo
0l 23,000 ------ 7.2E1 6.8E]1 7.6E1 4 .3E1 1.0E1 JJ9El @ e
02 9,000 ~—--—- 1.4E1 9.9E0 1.7E1 2.9E0 8.2E0 D 255 W————
03 2,200 —~-==-- 2.7E0 ------ 2.7E0  -===-- 6.0E0 —-==-= e
05 900 ——---- 1.3E0 1.4E0 1.1E0  ==cee=  cmmmee | s emeeee-
07 700 ~—-=--- 1.2E0 1.2E0 1.1E0  -==——- 9,9E0  —~—m=mee | ememee-
09 1,000 ~—==-- 1.5E0 2,.0E0 l1.0E0  —==m—- 1.5E1  —~=ce= cceeee-
11 1,600 —=—-=—- 1.9E0 1.9E0 1.8EB0  —==e—- 2,7E1  —=-=e- 1.3E0
13 1,200 -=-=-- 1.2E0 1.3B0 === —ocmee cmmeee emmee- 1.2E0
15 1,100 -—-=-=-- 1.2E0 1.3E0 1.1E0  -==--- 1.8B0  --==-- _ 6 .6E-1
17 500 ~-=-=—- 7.0E-1 7.7E-1 6.4E-1 -—----- coceme oo 3.6E-1

Borehole #21 Radionuclide Concentrations [pCi/g]

o Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 14,000 2.1E1 3.4E1 4.2E1 2,7E1] | —==-m= mmmse= momees | emeeee-
0l 13,000 ~-—=-- 1.3E1 1.3E1 1.2E1 3.2E0 1.8B0  -—-==~=== = —--===-
02 1,300 ~--=-- 1.2E0 9.5E-1 1.4E0  -==——- 2,1E0  —-=mem mmeeee—
03 1,300 =—===-—- 1.3E0 1.3E0 1.3E0 ---=-= —o-ses=  smomee- | mm-oeee
04 7,000 —-==—-- 5.4E0 5.2E0 5.6E0 —==—== —ecsmes  mmsses | smemeoe-
05 46,000 1.8E1 6.2E1 6 .0E1 6.4E1 3.2E1 9.2E0 2.,1EF1] = —---ee--
06 >50,000 1.7E1 6.6E2 5.4E2 7.8B2  ---emm mmm—ee 3.3E2 @ e
07 >50,000 4.5E2 3.2E3 2.8E3 3.7E3 8.3E2 | --=--=-- 1,583  ~--c=e-
08 >50,000 3.2E1 7.3E1 6.7E1 7.9E1 2,9E1  —-==-- 3.2E1 © = ~—mmme-
09 32,000 —----- 3.6E1 3.6E1 3.5E1 9.3E0 8.2E0 1.2E1 ——emme-
10 9,000 ~-———- 2.2E1 2.8E1 2.0E1 1.9E0 5.6E0  -==~-= = e-mm-e-
11 4,300 —--=--- 1.5El1 l1.7E1 1.2E1 = ==~=—= 3.3B0  --m=~-m smmmee-
12 6,000 ———-—- 5.8E0 6 .2E0 5.4E0  -—===—- 5.9E0  --~w-m =oooee-
13 7,000 -—=—--- 8.1E0 8.8E0 7.3E0 3.8E0 1.1E1] —==——- 8.5E-1
14 7,000 —-—~—- 1.3E1 1.5E1 1.1E1 6.1E0 1.1EF1 ====-= ememeee
15 10,000 5.6E0 l1.1E1 1.3E1 9.4E0 5.3E0 9.4E0 5.1E0 6.7E-1
16 8,000 —-=---- 6.5E0 7.2E0 5.7E0 3.2E0 4.4E0  -=~~-=  =meme—-
17 000 —=—-=- 6.1E0 7.1E0 5.2E0 3.7E0 3.1E0 --==-= = c-em---
18 3,500 5.6E0 5.7E6 6.4E0 4.4E9 2.7E0 J.0E0)  —mmme=  m——eeee

20 3,000 -————- 6 .9E0 8.3E0 5.5EQ 4.4E0  ---=-=  —m=-—- —oo-o—-
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Table 5, cont.

Borehole $#22 Radionuclide Concentrations {pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214  Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 10,000 ---—-—- 2.4E1 2.7E1 2.1E1 1.6E1 2.7B0  ——meee e
01 13,000 2.0El 3.2E1 3.8E1 2.5E1 1.5E1 5.9E0 1.7E1 5.6E-1
02 11,000 1.9E1 2.8E1 3.2E1 2.5E1 1.6E1 4.1E0 1.5E1 = e o
03 4,300 -—-—---- 5.6E0 6.3E0 4.9E0 2.2E0 4.,1E0  —=m——m 6.7E-1
04 5,500 -—---—-- 1.1E1 1.2E1 8.8E0 5.9E0 6 .5E0 ——meee e
06 4,500 ~==—--- 8.1E0 9.4E0 6.7E0 5.4E0 3.8E0 5.7E0 3.6E-1
07 5,000 9.4E0 B.9E0O 1.0E1 7.3E0 5.4E0 6.3E0  ~=——w-- 7.0E-1
08 5,000 1.0El 1.0E1 1.3E1 8.4E0 7.1E0 3.7E0 6.6E0 @ ——————o
10 4,300 -——-=- 1.5E1 1.8E1 1.2E1 7.3E0 2.8E0 5.0 @ ———eee-
12 1,000 —e=ee- 1.4E1 1.7E1 1.1E1  ——=—eo 4.1E0 e—meeeme cmeeeee
13 4,000 1.5E1 1.4E1 1.6E1 1.1E1 6.9E0 2.9E0 6.1E0 @ ———eea
14 7,000 9.1E0 1.3E1 1.6E1 1.1E1 4,.7E0 4 .8E0 ~——m-me e
15 9,000 -=-—-e=- 2.3E1 2.9E1 1.7E1 1.3E1 3.7E0 1.0E1 e ————
16 8,000 ~-==-=- 2.3E1 2.8E1 1.9E1 1.6E1 2.0E0 1.,1E1] = e
17 3,500 7.3E0 7.4E0 8.3E0 6.4E0 5.0E0 2.3E0  —=-emm= mmeeo
18 7,000 1.8E1 1.8E1 2.0E1 1.5E1 6.1E0 ———=c-  cee;emee e
19 9,000 ------ 1.7E1 2.0E1 1.4E1 1.2E1 3.BE0 —-==m=  cee———
20 13,000 --=--- 3.5E1 4.0E1 3.0E1 2,5E1 3.7E0 1,561 = ———-0--
21 10,000 ——-=-- 1.1E1 1.1E1 1.1E1 3.5E0 J.L6E0  —=————=  ccmeee-
22 24,000 e———e—- 1.9E1 1.6E1 2.1E1 4,.1E0 4.3E0 6.3E0 @ ~-meee—-
23 >50,000 - e 5.8E3 5.8E3 5.8E3 J.0E2  ~=—ee-- 2,6E2 = e
24 >50,000 ~=————- 7.0E2 6.4E2 7.5E2 2.9E2  ~==ee-- 3.3B2 = ——eeme
25 >50,000 —————— 6.4E2 6.4E2 6.4E2 3.6E2  -—=--=- JJL4E2 2 meemee-

Borehole #31 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 1,200 —=====- 6.5E~-1 5.6E-1 7.4E~1  —em-e- 7.8E0  —==--- 5.6E~1
02 900 ~-=—-- 5.6E-1 5.9E-1 5.3E-1 —-mmee cmecee | mmeee- 4.5E-1
04 1,500 ~===—e- 9.1E-1 9,.3E-1 8.9E~1 ~-=—=-- 6 .5E0 1.7E0 = -~
06 1,000 -—==-—- 6.3E-1 6.4E-1 6 .3E-1 -—==—=-- 6,1E0 —=====  —ee-e--
08 800 ~---—- 5.1E-1 4.5E-1 5.7E-1 —=====  —mceee  ecsmces | cseeme-
10 800 --——-- 4.9E~1 5.2E-1 4 ,5E-]1 ~==cee cememem eemeee 3.8E-1
12 1,500 ~-===- 3.7E-1 3.7E-1 —-mm—=  —eeeee 3.7E0  ====== = —==—==-
14 1,100 -=-=w- 7.1E-1  —=—-—- 7.1E-1  —===—- 1.3E1  —=====- mmeeee-
16 1,000 —-==——- 5.1E-1 = —-~—--- 5.1E-1 —===—- 4 .0E0  -——-—- 3.1E-1
18 1,500 8.5E-1 8.1E-1 8.6E-1 7.7E-1  ——-——-- 8.1E0  —~==-- 8.0E-1
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Table 5, cont.

Borehole #31, cont. Radionuclide Concentrations [pCi/q]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra~-226 Ra-223 K~40 Pb-211 Pb-212
20 600 -—--=-- 4.9e-1 4,.8E-1 5.0E~1 —-coee cmceen e 6.2E-1
22 1,300 --=--- 7.1E-1 8.4E-1 5.9E-1 —--mee cmeeee ccmeee e
24 1,300 -===-- 1.1E0 1.1E-1 1,0E0  --~=-- 6.2E0 ~—m—== e
Borehole #32 Radionuclide Concentrations [pCi/qg]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 16,000 —===-- 8.3E0 6 .5E0 1.0E1 2.0E0 2.2E0 ————— ———————
01 »>50,000 —-—=-- 1.,5E2 1.4E2 1.6E2 1.1E2  -=---- 6.9E1 = 0—=--e—-
02 17,000 ~—--=-- 4,9E1 4.1E1 5.7E1 2.0E1 3.9E0 1.9E1 = ~-m———-
03 5,000 —===-- 3.1E0 2.1E0 4.2E0 ce-mse mmmmeme | mmmmee emmeeee
04 1,300 =—===-- 3.1E0 2,1E0 4.2E0 2 —-=m-e memmme mmeemee mmeceeo
06 1,700 —===-- 1.,7E0 1.9E0 1.4E0 2 --=-=m-  —==e-- P m————— : 3.1E-1
08 1,700 —===-- 1.9E0 2.2E0 1.6E0  --—---- 8.2E0  --==-- 3.8E-1
o 10 1,700 —==~-- 1.8E0 2,0E0 1,580  -=—--- 1.2E1  -—==== = —oo-e--
~ 12 1,600 ———~-- 1.6E0 1.7E0 1.5E0  -—=--- 1,2E1 @ -===~- 6 .0E-1
14 1,600 —=—=-- 2.6E0 2,7E0 2.4E0 -==m-= om-ses emmees | mee—eee
16 1,800 —-—=-- 1.7E0 1.5E0 1.9E0  ——=-=>  somsee eeeee- 7.1E-1
18 1,900 -—-=—-- 9.3E-1 8.7E-1 9.,9E~1 —---—- 1,41 « --=--- 8.5E-1




Table 5, cont.

Borehole $#2

Depth NaI CPM
ft
00 700
01 1,300
02 1,000
03 - 1,000
04 1,400
05 1,000
06 1,400
07 1,400
08 1,300
09 1,200
10 1,000
11 700
12 800
13 800
14 1,200
15 3,500
16 11,000
17 2,500
18 1,400
19 1,000
20 1,000
21 | 800
22 1,000
23 800
24 800
25 800
26 1,500
26 1,500
27 1,000
28 800
29 600
30 600
31 500
32 700
33 1,000
34 1,000
35 1,000

Borehole #13

00 9500
01 1,300
02 800
03 600
04 700
05 400
06 500

Auger Hole Nal (Tl1l) Counts

Borehole #7

Depth Nal CPM
ft
00 >50,000
0l >50,000
02 >50,000
03 23,000
04 7,000
05 3,600
06 1,300
07 1,000
08 1,000
09 1,100
10 1,000
11 1,100
12 1,200
13 1,400
14 1,200
15 1,200
16 1,400
17 1,500
18 1,700
19 1,700
20 4,000
21 2,200
22 2,000

00 1,100
0l 1,100
02 700
03 1,200
04 1,300
05 900
06 600
68

Borehole %12

1,000
1,500
1,300
2,000
3,000
3,500



Table 5, cont.

Borehole #13

Depth NaI CPM
ft
07 : 400
08 700
09 1,000
10 900
11 600
12 600
13 900
14 600
15 500
16 600
17 700
18 1,000
19 800
20 900
21 800
22 800
23 700
24 900

Borehole %25

00 1,200
0l 1,900
02 1,800
03 2,600
04 2,400
05 2,200
06 12,000
07 15,000
08 5,000
09 1,900
10 1,700
11 800
12 1,100
13 800
14 500
15 700
16 800
17 500
18 500
19 700
20 400
21 400
22 400
23 400
24 900
25 1,000
26 600

Borehole #23

Depth Nal CPM
ft
07 400
08 300
09 300
10 300
11 400
12 400
13 500
14 600
15 600
16 400
17 500
18 700
19 600
20 600
21 500
22 400

01 1,600
02 2,500
03 2,600
04 3,500
05 19,000
06 10,000
07 2,100
08 1,300
09 800
10 500
11 500
12 500
13 600
14 500
15 600
16 1,100
17 800
18 600
19 900
20 1,200
21 1,000
22 1,200
23 900
24 600
25 500
26 800
69

Borehole $#24

Depth NaI CPM

ft

07 1,000
08 1,000
09 300
10 700
11 1,000
12 1,800
13 1,200
14 1,500
15 700
16 600
17 500
18 1,000
19 900
20 1,200
21 1,500 -
22 800
23 500
24 500

Borehole $27

0l 1,300
02 1,800
03 1,200
04 1,200
05 1,300
06 600
07 700
o8 300
09 300
10 600
11 700
12 700
13 600
14 1,000
15 1,300
16 800
17 900
18 500
19 400
20 500
21 500
22 700
23 1,000
24 1,000



Table 5, cont.
Borehole #25

Depth Nal CPM
ft
27 400
28 500
29 600
30 700
31 700
032 1,000
33 1,700
34 1,100
35 1,000
36 1,600
37 1,700
38 1,100

0l
02
03
04
05
06
07

Borehole 226

500

Borehole #29

70

1,000
1,200

700
600
500
400
600
1,200
500
300
300
600
500
400
400

PERWIIY . S, NEPRRLL =



-......._ _—i_-II.'.

Table 5, cont.

Borehole #33

Depth NaI CPM
ft
01 1,900
02 1,200
03 800
04 700
05 600
06 . 1,000
07 1,000
08 800
09 800
10 500
11 500
12 400
13 300
14 00
15 400
16 500
17 900
18 500
19 1,000
20 1,100
21 800
22 800

0l 1,200
02 700
03 900
04 1,600
05 1,800
06 2,500
07 5,000
08 1,700
09 1,000
10 800
11 900
12 700
13 700
14 800
15 500
16 500
17 600
18 900
19 800
20 700
21 600

Borehole #34

2,600
1,300
1,400
1,000
1,500
1,500
1,000
400
300
400
S00
800
700
500
600
900
600
700
1,300
800
400
300
300

Borehole #37

71

500

Borehole #35

Depth Nal CPM
ft
0l 10,000
02 38,000
03 >50,000
04 >50,000
05 22,000
06 22,000
07 1,500
08 1,500
09 800
10 700
11 700
12 600
13 00
14 1,100
15 1,400
16 1,400
17 800
18 700
19 600
20 600
21 600
22 700
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Borehole #39

Borehole #40

72

Borehole #41

1,400
1,400
1,200
1,500
1,900
1,200
700
600
700
1,000
1,000
1,300
1,000
600
600
600
500
500
200
200
300
300
300
500




tL

7028
7029
7030
7031

7032
7033
7034
7035

6/8/81
6/9/81
6/10/81
6/11/81
6/29/81
6/29/81
6/18/81
6/18/81
6/3/81
6/3/81
6/3/81
6/3/81
7/10/81
7/10/81
6/29/81

6/17/81
7/20/81
7/10/81
7/10/81
7/10/81
7/21/81
6/17/81
5/11/81
4/29/81
4/29/81
7/28/81
7/28/81

7/30/81
7/30/81
7/28/81
7/28/81

Water Sample Analysis Results

Location

Surface Water North of Shuman Building
Surface Water West of Shuman Building
Drainage Pipe at NE Boundary

Stream Beneath Earth City Expressway (offsite)
Borehole #14

Borehole #15

Borehole #14

Borehole #15

Middle Leachate Treatment Lagoon

North Leachate Treatment Lagoon

South Leachment Treatment Lagoon

Sludge Drainage Pipe

Borehole #14

Borehole #15

Surface Pond North of Entrance on St. Charles
Rock Road

Borehole #15

Tap Water

Middle Leachate Treatment Lagoon

North Leachate Treatment Lagoon

South Leachment Treatment Lagoon

Settling Pond at North Boundary of Site
Borehole #14

Standing Water at Earth City Background Site
Standing wWater at NW Corner of Shuman Building
West Ditch Runoff

Pond at North Boundary of Site

Surface Pond North of Entrance on St. Charles
Rock Road

Missouri River Water

Missouri River Water

North Leachate Treatment Lagoon

Middle Leachate Treatment Lagoon

Gross Alpha

1.91E0

8.84E0
1.56E0
3.45E0
-2.95E0
-1.56E0
1.56E0
-8.66E-1
1.04E0
4,.52E1
-2,.08EQ
5.20E-1

-2.6E0
1.04E0
-1.39E0
1.04E0

‘l’/‘B'.B‘
+/-9.9%
+/-22%
+/-14%
+/-39%
+/-52%
+/-47%
+/-31%
+/-275%
+/-55%
+/~-55%
+/-234%

+/-115%

+/-32%
+/-60%

+/-28%
+/-617%
+/-141%
+/-189%
+/-179%
+/-67%
+/-332%
+/-82%
+/-6.2%
+/-131%
+/-115%
+/-203%

+/-102%
+/-82%
+/-203%
+/-82%

Gross Beta

3.61E1
3.00E1

3.01E1
2.91E1
1.07E2
1.22E2
8.67E1
3.65E1
3.89E1
3.25E1
8.78E1
3.62E0
3.51E1
2,63E1

2.63E1
2,.90E1
1.03E2
8.45E1

+/-3.0%

+/-4.4%

+/-6.8%
+/-4.8%
+/-14%
+/-17%
+/-20%
+/-16%
+/-5.7%
+/-5.5%
+/-6.4%
+/-6.5%
+/~11%
+/-11%
+/-12%

+/-12%
+/-12%
+/-=-==%
+/-5.8%
+/-6.9%
+/-11%
+/-10%
+/-11%
+/-6.9%
+/-137%
+/~-11%
+/-13%

+/-13%
+/-12%
+/-6.3%



Table 6, cont.

Sample
No. Date Location Gross Alpha Gross Beta
pCi/1 pCi/l
7036 7/28/81 South Leachate Treatment Lagoon -2.95E0 +/-189% 6.96E1 +/-7.7%
1 11/80 Leachate Observation Well 7.3E0 +/-120% 8.0E1 +/-25%
2 10/80 Off-site Sample Well 3, West Boundary of Landfill 1.5E1 +/-17% 4.1E1 +/-10%
3 10/80 Off-site Sample Well 4, North Boundary of Landfill 2.9E0 +/-29% 7.6E0 +/-26%
4 11/80 Settling Pond North of Landfill 2.9E0 +/-150% 2.6E1 +/-110%
Sample ' Isotopic Analysis
No. Date Location : K-40 pCi/1l Ra-226 pCi/l
7014 6/3/81 North Leachate Treatment Lagoon 1.38E2 +/-15% 1.20E0 +/-21%
7015 6/3/81 South Leachate Treatment Lagoon ‘1.36E2 +/~16% 3.92E0 +/-2313%
7016 6/3/81 Sludge Drainage Pipe 1.,02E2 +/-15% 2,40E0 +/-290%
7022 7/10/81 Middle Leachate Treatment Lagoon 1.04E2 +/-18% 2.40E0 +/-290%

7028 4/29/81 Standing Water at NE Corner Shuman Bldg. . 1,24E2 +/-28% 1.15ED +/-195%

e
e e = s o o A




Radon Flux Measurements Using Accumulator Method

Table 7
Date Time Location Environmental Conditfions Flux
pCi/sq.m~

04/21 09:3) Base 1 (Area 2, 011J) 10 degrees C, damp ground, moderate wind . 28

04/21 10:21 Base 2 (Area 2, L38BK) 10 degrees C, damp ground, moderate wind 6.7

04/22 11:48 Base 1 (Area 2, 011J) 15 degrees C, soaked ground, 1 hour after rain 332

04/22 12:38 Base 3 (Area 2, M99H) 15 degrees C, soaked ground, 1 hour after rain 1.7

04/23 08:24 Base 1 (Area 2, 011J) 15 degrees C, damp ground, sunny, last rain approx. 293
12 hours

04/23 09:12 Base 1 (Area 2, MI99H) 15 degrees C, damp ground, sunny, last rain approx. 7.9
12 hours .

04/23 10:00 Base 2 (Area 2, L38K) 15 degrees C, damp ground, sunny, last rain approx. 5.9
12 hours

- 04/24 08:38 Base 3 (Area 2, M99H) 7 degrees C, damp ground, cloudy, last rain approx. 2,7
w 2 days

04/24 08:40 Base 1 (Area 2, 0113) 7 degrees C, damp ground, cloudy, last rain approx. 9.8
2 days

04/24 09:29 Base 2 (Area 2, L38K) 7 degrees C, damp ground, cloudy, last rain approx. 1.5
2 days

04/27 09:05 Base 3 (Area 2, M99H) 21 degrees C, hot, ground dry, sunny 2,2

04/29 08:52 Base 3 (Area 2, M99H) 18 degrees C, sunny, last rain approx. 12 hours, 14
light breeze

04/29 09:36 Base 1 (Area 2, 011J) 18 degrees C, sunny, last rain approx. 12 hours, 540
light breeze

04/29 11:10 Base 4 (Area 2, i00P) 18 degrees C, sunny, last rain approx. 12 hours, 63
light breeze .

05/04 10:05 Base 1 (Area 2, 011J) Cloudy, drizzle, last heavy rain approx. 1 day 43

05/04 15:34 Base 1 (Area 2, 011J) Cloudy, drizzle, last heavy rain approx. 1 day 33

05/05 09:44 Base 1 (Area 2, 011J) Cloudy, drizzle, soaked ground, no wind 177

05/06 09:49 Base 1 (Area 2, 011J) 7 degrees C, windy, wet ground, last rain approx. 269
12 hours

05/07 09:32 Base 1 (Area 2, 011J) 10 degrees C, windy, ground dry at surface, sunny 34

05/07 10:48 Base 3 (Area 2, M99H) 10 degrees C, windy, ground dry at surface, sunny 1.5

05/08 09:45 Base 3 (Area 2, MI99H) 15 degrees C, cloudy, moderate wind, ground moist 8.5

05/08 10:28 Base 4, (Area 2, iOOP) 15 degrees C, cloudy, moderate wind, ground moist 243

05/11 11:43 Base 4 (Area 2, 100P) 13 degrees C, light wind, soaked ground, rain approx. 28

12 hours ago




Table 7, cont.

Date Time Location Environmental Conditjions " Plux
pCi/sq.m-s -
05/12 11:15 Base 4 (Area 2, 100P) 15 degrees C, windy, cloudy, last rain approx. 1 day 310
05/12 12:08 Base 1 (Area 2, O11J) 15 degrees C, windy, cloudy, last rain approx. 1 ls
day
05/13 10:10 Base 4 (Area 2, iOOP) 13 degrees C, cloudy, ground moist, last rain 206
approx. 8 hours
05/13 10:50 Base 1 (Area 2, 011J) 13 degrees C, cloudy, ground moist, last rain 30
approx. 8 hours
05/14 10:30 Base 5 (Area 2, - ) 13 degrees C, cloudy, light wind, drizzle 43
05/14 11:04 Base 6 (Area 1, IOOA) 13 degrees C, cloudy, light wind, drizzle 376
05/15 09:51 Base 6 (Area 1, IOOA) 15 degrees C, sunny, light wind 380
05/18 10:13 Base 6 (Area 1, IO0O0A) 10 degrees C, cloudy, heavy rain last 2 days, 188
strong wind
05/19 09:44 Base 1 (Area 2, 011J) 10 degrees C, drizzle, ground soaked 8.0
05/19 10:24 Base 4 (Area 2, i00P) 10 degrees C, drizzle, ground soaked 17
05/19 10:24 Base 6 (Area 1, IO00A) 10 degrees C, drizzle, ground soaked 538
05/20 10:01 Base 1 (Area 2, 011J) 18 degrees C, no wind, sunny, ground damp 276
05/20 10:4)1 Base 4 (Area 2, i00P) 18 degrees C, no wind, sunny ground damp 119
05/20 11:23 Base 6 (Area 1, I00A) 18 deqgrees C, no wind, sunny ground damp 353
05/21 09:53 Base 1 (Area 2, 011J) 21 degrees C, sunny, no wind, dry soil 212
05/21 10:27 Base 4 (Area 2, i00P) 21 degrees C, suny, no wind, dry soil 406
05/27 08:51 Base 6 (Area 1, IOO0A) 21 degrees C, sunny, light breeze, dry soil 350
05/27 09:33 Base 1 (Area 2, 011J) 21 degrees C, sunny, light breeze, dry soil 596
05/27 10:12 Base 4 (Area 2, iOOP) 21 degrees C, sunnny, light breze, dry soil 865
05/28 08:43 Base 4 (Area 2, i00P) 28 degrees C, dry soil, last rain 2 days 29.90" hg 400
05/28 11:44 Base 4 (Area 2, i00P) 28 degrees C, dry soil, last rain 2 days 29,90" hg 3197
05/29 09:14 Area 2, kOOR 29 degrees C, damp soil, light wind 1.8
06/02 08:45 Base 6 (Area 1, I00A) 30 degrees C, dry soil, 29.90" hg 620
06/03 14:54 Base 4 (Area 2, i00P) 32 degrees C, slight wind, dry soil 29.85 hg 580
06/04 09:03 Base 1 (Area 2, 011J) 34 degrees C, light wind, dry soil jss
06/04 10:10 Area 2, IOOF 39 degrees C, no wind, damp soil 0.6
06/08 11:37 Base 4 (Area 2, i00P) 33 degrees C, dry soil, moderate breeze 245
06/09 09:21 Base 4 (Area 2, 100P) 33 degrees C, dry soil, slight breeze 579
06/09 10:39 Base 8 (Area 1, 1001) 33 degrees C, dry soil, strong wind 3.0
06/10 11:17 Area 2, M62J 21 degrees C, dry soil, no wind 29.92" 1.3
06/11 10:16 Area 2, UOOP 18 degrees C, dry soil, light breeze 38




Table 7, cont.

Date Time Location Environmental Conditions : - Flux
pCi/sq.m-2
06/11 10:39 Area 2, TOOP 18 deqrees C, dry soil, light breeze
06/11 12:07 Area 2, hOOX 18 degrees C, dry soil, light breeze 1.8
06/11 12:20 Area 2, jOOW 18 degrees C, dry soil, light breeze 1.9
06/12 09:56 Area 2, UOOP 26 degrees C, damp soil, light breeze 29,98" hg 14
06/12 10:08 Area 2, TOOP 26 degrees C, damp soil, light breeze 29.98" hg 35
06/12 11:20 Area 2, h0OX 26 degrees C, damp soil, light breeze 29,98" hg 0.6
06/12 11:30 Area 2, jOOW 26 degrees C, damp soil, light breeze 29,98" hg 1.0
06/15 10:03 Area 2, I00L 29 deqrees C, dry soil, gusty, 760.5mm hg 0.8
06/15 10:15 Area 2, JOOL 29 degrees C, dry soil, gqusty, 760.5mm hg 0.7
06/23 10:17 Earth City, offsite bkg 27 degrees C, damp soil, no wind 30.14 hg - 0.5
06/23 13:50 Taussig Rd, offsite bkg 27 degrees C, damp soil, no wind 30.14 hg 1.5
06/29 10:03 Area 2m UOOP n/a 16
- 07/06 10:20 Base 4 (Area 2, 1i00P) Damp s0il, slight breeze 138
~ 07/06 11:24 Taussig Rd, offsite bkg Damp so0il, slight breeze 0.3
07/08 14:00 Area 2, J30L 31 degrees C, dry soil, slight breeze, 30.20" hg 0.4
07/08 14:30 Area 2, HO040 31 degrees C, dry soil, slight brze, 30.20" hg 0.4
07/10 10:19 Taussig Rd, offsite bkg Damp soil, started to rain during accumulation 0.3
07/10 10:09 O01d St. Charles Rock Rd Bkg Damp soil, started to rain during accumulation 1.0
07/16 10:49 Area 1, M10G 26 degrees C, damp soil, 29.96" hg 22
07/17 10:10 Area 1, M10G 25 degrees C, dry soil, no wind, 30.02" hg 14
07/20 10:25 Bage 6 (Area 1, 100A) 30 deqrees C, damp soil, mild wind, 29.86" hg 59
07/22 11:25 014 St. Charles Rock Rd Bkg 26 degrees C, damp so0il, no wind 30,10" hg <0.1
07/24 08:14 Area 1, M10G 24 degrees C, damp soil, light wind, 30.06" hg 15
07/24 08:31 Area 2, p07S 24 degrees C, damp soil, light wind, 30.05" hg 168
07/28 09:05 Area 2, pO7S 23 degrees C, damp so0il, mild wind, 30.06" hg 34
07/28 09:23 Area 1, M10G 23 degrees C, damp soil, mild wind, 30.06" hg 61
07/29 08:09 Base 8 (Area 1, 100I) 18 degrees C, damp soil, light wind, 30,21" hg 0.5
07/29 08:26 Area 2, p07s 18 degrees C, damp soil, light wind, 30.21" hg 173
07/29 10:04 O0l1d st. Charles Rock Rd Bkg 21 degrees C, damp soil, light wind, 30.21" hg 0.3
07/29 10:50 Taussig Road offsite bkg 21 degqgrees C, damp soil, light wind, 30.21" hg . 0.2
07/30 08:09 Area 2, p07S 23 degrees C, dry soil, sunny, light wind, 30.21" hg 38
07/30 08:16 Area 1, OOOM 23 degrees C, dry soil, sunny, light wind, 30.21" hg 3.2
07/30 09:20 014 St. Charles Rock Rd Bkg 23 degrees C, dry soil, sunny, light wind, 30.21'hg 0.2
07/31 10:08 Area 1, OO0M 24 degrees C, very dry soil, sunny, light wind, 2.0

30.25" hg
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Time

10:13

10:11
10:14
09:05
09:11
09:21
09:25
08:35
08:40
09:08
09:15
10:05
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09:14
09:17
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Area
Area
Area
Area
Area
Area
Area
Area
Area
Base
Area
Area
Area
Area
Area
Area

Environmental

24

Jo.

degrees
25" hg
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees

Conditions
pCi/sq.m-2
very dry soil, sunny, 0.5

dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry

soil,
soil,
soil,
soil,
soil,
soil,
so0il,
soil,
soil,
s0il,
soil,
soil,
soil,
soil,
§oi1,
soil,

light wind, 29.94"
light wind, 29.,94*
light wind, 30.04"
light wind, 30.04"
light wind, 30.07"
light wind, 30.07°"
light wind, 30.01"
light wind, 30.01"
light wind, 30.01"
light wind, 30.01"
light wind, 30.08"
light wind, 30.08"

no wind,
no wind,
no wind,
no wind,
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30.11" hg
30.11" hg
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Radon Flux Measurements Using the Charcoal Canister Method

Table 8
Sampling
Date Location Time (sec) Enviromental Conditions Flux
pCi/sq.m-8
06/02 Base 6 (Area 1, 100a) 6,000 30 degrees C, dry soil, 29.90" hg 362
06/03 Base 4 (Area 2, i00P) 4,980 32 degrees C, dry soil, light wind, 29.85" hg 29
06/03 Base 4 (Area 2, 100P) 1,200 32 degrees C, dry soil, light wind, 29.85" hg 613
06/04 Base 1 (Area 1, 011J) 7,200 34 degrees C, dry soil light wind 147
06/10 Base 8 (Area 2, 1001I) 55,320 21 degrees C, dry soil, no wind, 29.92" hg 2.0
06/10 Area 2, MOOI 18,000 21 degrees C, dry soil, no wind, 29.92" hg 2.3
06/11 Area 2, LOOG 60,300 18 degrees C, dry soil, light breeze 163
- 06/11 Area 2, UOOP 22,500 18 deqrees C, dry soil, light breeze . 44
06/18 Area 2, 100S 54,900 n/a 2.2
06/12 Area 2, TOOP 17,640 26 degrees C, damp so0il, light breeze, 29.98" hg 30
06/23 Earth City, offsite bkg 21,600 27 deqrees C, damp so0il, no wind, 30.14" hg 0.9
- 06/24 Taussig Road, offsite bkg 61,200 n/a 0.8
w0 06/30 Area 2, p00J 55,320 n/a 8.7
06/30 Area 2, UOOP 20,940 n/a 74
07/01 0l1d St. Charles Rd, bkg 20,040 n/a 0.8
07/06 Area 2, iOOP 50,400 Damp soil, light breeze 178
07/08 Area 1, H25N 14,100 31 degrees C, dry soil, slight breeze, 30.20° hg 0.9
07/08 Area 2, J30L 50,140 31 degrees C, dry soil, slight breeze, 30.20" hg 0.3
07/10 Area 1, 100L 22,540 Damp soil, during rain 0.6
07/15 014 St. Charles Rock Rd, bkg 54,540 n/a 1.6
07/16 Area 1, M10G 22,380 26 degrees C, damp soil, 29.96" hg 24
07/17 Area 1, M10G 57,240 25 degrees C, dry soil, no wind, 30.20" hg 14
07/20 Base 6 (Area 1, IOO0A) 5,880 30 degrees C, damp soil, mild wind, 29.86" hg 13
07/22 01d St. Charles Rock Rd, bkg 68,640 26 degrees C, damp so0il, no wind, 30.10" hg 0.3
07/23 Area 1, M10G 60,960 n/a 4.5
07/28 Area 1, M10G 61,560 23 degrees C, damp soil, 30.06" hg 9.1
07/28 Area 2, p04S 63,240 23 degrees C, damp so0il, 30.06" hg 32
07/29 Area 1, 1001, Base 6 57,540 18 degrees C, damp soil, light wind, 30.21%hg 0.4
07/29 Area 1, 0001 57,960 18 degrees C, damp soil, light wind, 30.21" hg 1.3
07/30 Area 2, p04S 55,080 23 degrees C, dry soil, light wind, 30.21" hg 212
07/30 Area 1, OOOM 56,820 23 degrees C, dry soil, light wind, 30.21" hg 7.6
07/31 Area 1, EOOF 56,340 24 degqrees C, very dry soil, light wind, 30.25" hg 0.4
07/31 Area 1, OOOM 56,220 24 degrees C, very dry soil, light wind, 30.25" hg 5.2
08/05 Area 1, EOOF 52,800 28 degrees C, dry soil, light wind, 30.07" hg 0.6
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Figure 5. Grid locations for radiological survey, Area 1.
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Side-By-Side Radon Flux Measurements,
Accumulator versus Charcecal Canister Methods

Table 9

Location

Base
Base
Base
Base
Base
Borehole 3

TOOP (Area 2)

Earth City

Taussig Road

Base 4

Borehole 2

M10G(Area 1)
M10G(Area 1)

Base 6

01d Sst. Charles R4
M10G(Area 1)
M10G(Area 1)

20' W of Borehole $#20
Base 8

20' W of Borehole $#20
O00M(Area 1)
O00M(Area 1)

Wm0

Date

RS IES KN RN We W W W W W W WY
11
HFHOANDDHEHEFHOVLEWN
oW HHOoO

80

Charcoal
Canister
pCi/sqg.m=2
400
680
170
2.1
2.4
50
30

VOOV ALO
o o e o ¢ o o
o Woo Wb ooohWw

Accumulator
pCi/sq.m-2
740
750
370
3.0



Working Level (WL) and Long-Lived Gross Alpha Activity
on High Volume Air Samples
Table 10

Sample Duration: 10 min.
Flow Rate: 570 1/min.
Total Volume: 1.4E6 ml

Date/Time Location 7 Day Activity WL
uCi/cc
8105010805 Outside Trailer 2.03E-13+4/-122% .0016
8105010819 Outside Trailer 2,66E-13+/-103% .0015
8105010918 Base 3 0+/-211% .0010
8105010931 Base 1 3.13E-13+/-93% .0008
8105040942 Outside Trailer 4 .69E~14+/-365% .0010
8105041013 Base 1 1.09E-13+/-188% .0009
8105041124 C00G 4.69E~-14+/-365% .0012
8105041150 Base 4 2.66E-13+/-103% .0016
. 8105111034 Earth City Background 4.69E-14+4/-365% .0003
- 8105121046 Earth City Background 4 .69E-14+/-365% .0004
8105121402 Outside Trailer 0+/-211% .0002
8105121447 Base 4 4.22E-13+/-78% .0006
8105121504 Outside W-L Office Bldg 7.34E-13+/-57% .0003
8105121528 Base 1 1.56E-13+/-145% .0002
8105121551 TOOP 4.69E-14+/-365% .0003
8105131154 ZOON 4 .69E-14+/-365% .0010
8105151010 Base 6 2.03E-13+/-122% .0003
8105151035 Base 7 1.09E-13+/-188% .0002
8105181022 Base 6 2.03E-13+/-122% .0003
8105201107 Base 4 2.66E-13+/-103% .0004
8105201137 Base 6 2.66E-13+/-103% .0004
8105270821 Inside Trailer 1.41E-12+/-40% .0110
8105271040 Base 6 7.81E-13+/~55% .0002
8106021429 000J 2.03E-13+/-122% .0007
8106021450 h000 4.69E-14+/-365% .0007
8106080957 Drilling Borehole #1 1.56E-13+/-146% .0006
8106081335 Drilling Borehole #2 4.69E-14+/-365% .0005
8106091015 Drilling Borehole #3 7.34E-13+4/-57% .0009
8106091318 Drilling Borehole &4 1.15E-11+/-14% .0020
8106091350 Drilling Borehole #4 8.55E-12+/-16% .0027




Table 10, cont.

Date/Time Location 7 Day Activity WL
uCi/cc
8106100945 Drilling Borehole #5 2.66E-134/-103% .0012
8106101231 Drilling Borehole #7 4.22E-13+/-78% .0015
8106101411 Drilling Borehole §#8 4,22E-13+/-78% .0012
8106231028 Earth City Background 1.09E-13+/-188% .0005
8106231146 Inside Shuman 1.98E-12+/-33% .0011
8106231407 Taussig Rd Background 4 .69E-14+/-365% .0005
8106300931 Borehole #32 4.69E-14+/-365% .0006
8107070919 014 St. Charles Rd Bkg 0+/-211% .0017
8011130845 Area 1, Near Road @ cemccmccenoa- .017
8011131030 Area 1 Highest Ext. Level = = = «<cecccccmcemea- .014
8011131445 Area 2 Highest Ext. Level = = = <ccccccmmmmccmaa .019
8011131507 Area 2 Suspected Surface Mat, = = =  s—cccemeeemeno- .038
® 8011140735 Inside Shuman Building = —~;eccececmoa—- .031
N
Isotopic Activities
Date/Time Location u-238 Ra-226

9,1E-14+/-1% 4.3E-144/-1%

All Onsite Samples

Composite Sample

Note: 1Individual sample sensitivities are low due to short sampling time. However,
all gross alpha activities except two are less than the maximum permissible
concentrations (MPCs) for U-238 or Ra-226, for unrestricted areas, as listed
in Appendix B, Table 1II, of 10CFR20. (These MPCs are 3.,0E-12 uCi/cc for
either nuclide.) The two exceptions occurred when drilling through contaminated

materials.
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Gamma Analysis of High Volume Air Samples for Rn-219 Daughters (Pb-211)

Table 11
---Sample Activity (uCi/cc) at---

405 KeV 427 KeV 832 KeV Average
Date Time Location (3.4% ab) (1.8% ab) (3.4% ab) uCi/cc
6/3 14:21 Base 4 (Area 2, iO0OP) 2.3E-10 =  —~-ecemeee 2.5E-10 2.4E-10
6/4 8:31 Base 1 (Area 2, 000J) S5.7E-11 = = —-==emreeo cmcmceeea 5.7E-11
6/4 12:30 Base 4 1.0E-9 8.9E-10 9.3E-10 9.5E-10
6/18 14:00 Base 4 5.6E-10 4.8E-10 4.6E-10 5.0E-10
6/29 12:23 Base 6 (Area 1, NOOA) 9.0E-11 = = -—-=-ee-eee 1.3E-10 1.1E-10




Table 12:

Priority Pollutant Analyses of Auger Hole and Leachate Sludge Samples

Results af Chamical Analyses of
West Lake Landfill

BH-2

BH-13
BH-25
BH-31
BH-35

Auger hole 2, Area 2
Auger hole 13, Area 2
Auger hole 25, Area 1
Auger hole 31, Area 2
Auger hole 35, Area 2

84

7 My 1981

Parameter Units WP * BH-2" BH-13" B4-25° BH-31° B30
Antimony my/Kg 0.077  0.268 0.325 0.355 0.218 21.0
Arsenic my/kg 0.62 6.0 7.0 2.0 4.0 1.0
Berylliun  mg/kg 0.038 0.12 0.24 0.18 0.20 0.14
Cadmium my/kg  0.052 2.2 2.3 2.27 4.0 31.5
Chromi um mg/kg 1.41 40.9 34 7.0 26.2 215
Copper mg/kg 0.459 1039 88 23.2 131.6 356
Cyanide mg/kg 0.10 0.028 0.12 1.61 0.376 0.97
Lead mg/kg 19.7 356 431 49.0 251.6 1450
Mercury mg/kg S 0.22 0.36 0.14 0.10 0.84
Nickel mg/kg 3.00 2C.0 45.1 1.3 4 218.0
Seleniunm my/kg 0.12 1.6 1.2 . 1.2 1.2 0.9
Silver mg/kg 0.134 0.580 0.369 0.165 0.264 0.409
Thallium mg/kg 14.0 10.0 2.0 <0.1 0.6 3.5
Zinc mg/kg 41.4 246 270 180 89 2395
*  WTP Waste treatment plant leachate sludge



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYS1S

CLIDNT West Lake

CLient 1.D,_W.T.P.  (NPDES) -~ paTe SAMPLE RECEIVED

RC I1.D. #3569

6 July 1981

DATE ANALYSIS COMPLETED

ACID COMPOUNDS

- 2,4,6-trichlorophencl
o-chloro~mcresol
2-chlorophenol
2,4~dichlorophencl
2,4-dimethylphencl
2-nitropherol
4-nitrophencl
2,4~dinitrophenol
4,6dinitro-o~crescl
pentachlorcphencl
phenol

ND - Less than 1 yg/1
* -~ Less than 25 ug/l
** - Legg than 250 ug/1
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SUMMARY OF QRGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D.__W.T.P. _ (NPLES) DATE SAMPLE RECEIVED_ 6 July 1981 i

RC I.D. 4569 DATA ANALYSIS COMPLETED 22 July 198)

BASE /NEUTRAL COMPOUNDS
g/l
acenaphthene ND nitrobenzene
benzidine — e N-nitrosodimethylamine
1,2,4-trichlorcbenzene ND N-nitrosodiphenylamine
hexachloraobenzene ND N-nitrosodi-n-propylamine
bexachloroethane ND bis(2-ethylhexyl)phthalate
bis(2-chloroethyl)ether ND butyl benzyl phthalate
2-chloronaphthalene ND di-n-butyl phthalate
1,2-dichlorcberzene ND di-n-octyl phthalate
1, dichlorobenzene ND diethyl phthalate
1,4—dichlorobenzene ND dimethyl phthalate
3,3'dichlorobenzidine * benzo(a)anthracene ND
2,4-dinitrotoluene bl benzo(a)pyrene — ND ;
2,6~dinitrotoluene * benzo(b) fluoranthenel ND 3
1,2-diphenylhydrazine ND benzo (k) £ luoranthenel ND ;
fluoranthene ND chrysene ND___ i
4—chlorophenyl phenyl ether ND acenaphthylene ND i
4-Lramophenyl phenyl ether ND anthracene N ___ :
bis (2-chloroiscpropyl)ether . benzo (g.h.i.) perylene S ¢
bis(2=chloroethoxy)methane ND fluorene N 'I
hexachlorcbutadiene ND phenanthrene N §
hexachlorocyclopentadiene * dibenzo (a,h)anthracene I
isophorone ND indeno(l,2,3-c,d) pyrene ,__ﬂ’.__— !
naphthalene ND pyrene ' ,__NE__—- -
bis (chloramethyl) ether = el 2,3,7,8-tetrachlorodibenzo~
pdioxin -

ND - Less than 1 ug/1
* - less than 10 ug/1
¢* - Less than 25 ug/1

1!:\er’xm(b)t'l\.xorarst.her\e and benzo (k) fluoranthene could not be resolved, values reported
indicate the sum of both campounds.




SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

DATE SAMPLE RECEIVED_ 6 July 1981

CLIENT I.D. W.T.P. (NPDES)
RLC I.D. #569
PESTICITES
pa/l

aldrin ND a-BHC
dieldrin ND b~BHC
chlordane ND &-BHC
4,4'-DOT ND g-BHC
4,4'-D0E ND PCB - 1242
4,4'-IDD ND PCB - 1254
endosulfan 1 * PCB - 1221
endosulfan II * PCB - 1232
endosulfan sulfate * PCB - 1248
endrin * B - 1260
endrin aldehyde - PCB - 1016
heptachlor ND toxaphene

heptachlor epoxide

ND - less than 1 ug/1
* -~ Less than 10 ug/1

87
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SUMMARY OF QRGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT Wes_t_'_Lake

CLIENT I.D. _ W.T.P. (NPLES) DATE SAMPLE RECEIVED 6 July 1981

R 1.D. N569 DATE ANALYSIS COMPLETED 5 August 1981

VOLATILES
1748 vl

acrolein we 1,2-dichloropropane ND
acrylonitrile kel 1,.‘!-dichlorc:g:oropyler\e1 »
benzene 2.0 ethylbenzene ND
carbon tetrachloride * methylene chloride 15.6
chlorobenzenc N methyl chloride *
1,2-dichlorocthane ND methyl bromide .
1,1,1-trichloroethane ND bromoform ND
1,1-dichloroethane ND dichlorobranaomethane ND
1,1,2-trichlorcethane ND trichlorofluoramethane 2.3
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane *
chloroethane . chlorodibromomethane ND
2-chlerocthylvinyl ether e tetrachloroethylene ND
chloroforia 4.3 toluene 1.8
1,1-dichloroethylens ND trichloroethylene N
1,2-trans-dichlorcethylene * vinyl chloride *

ND - Less than 1 ugq/1
* - Less than 10 ug/1
** - less than 100 ug/l

1l,:!-cis-dichloropr

opylene and 1,3-trans-dichloropropylene could not be resolved,

values repoited indicate the sum of both compounds.
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SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIWLNT west Lake
CLIENT 1.D. Bi-2 {(NPDES)
AT 1.D. #570

DATE SAMPLE RECEIVED
DATE ANALYSIS CoMpLETED_ 16 July 1981

6 July 1981

ACTD COMPOUNDS

2,4,6-trichlorcphencl

 o~chloro~m—cresol

2~chlorocpherol
2,4-dichlorophenol
2,4dimethylphencl
2-nitrophencl

4-nitrophenol
2,4=d{n{tropherol

4,6-dinitro-o~cresol
pentachloropherncl
phenol

ND - Less than 1 ypg/1
* « Less than 25 uwg/1
** . Legs than 250 ug/1

89




SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIENT I.D. BH-2 {NPDES) DATE SAMPLE RECEIVED g qulv 198)

RC I.D. #570 DATA ANALYSIS COMPLETED 22 July 1981

acenapht hene

benzidine
1,2,48=trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorabenzene
1,3-dichlorobenzene
1,4dichlorocbenzene
3,3'~dichlorobenzidine
2,4=dinitrotoluene
2,6~dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chloropheny]l phenyl ether
4-Lranophenyl phenyl ether
bis(2-chloroisopropyl) ether
bis(2~chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

narhthalene!

bis (chlaracthyl)ether

RO - Less than 1 ug/1
* - Less than 10 ug/l
** - less than 25 ug/l

l'l;senzo(b)rluc:ram.henle and benzo (k) fluoranthene could not be resolved, values reported

BASE /NEUTRAL COMPOUNDS

816 6

6

»
*

i

<]

&

PEE

‘e

I

indicate the sum of both campounds,

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis(2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a) anthracene
benzo(a)pyrene

benzo(b) t"ll.ar:n'anthene:l
benzo (k) £ luoranthenel
chrysene

acenaphthylene
anthracene

benzo (9.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
1l'dem(1.2.3'¢od)w:ene
pyrene
2,3,7,8-tetrachlorodibenzo~

pdioxin

e wam e a



SUMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT 1.D.__ BH-2

RC 1.D. #4570

(NPDES)

aldrin

dieldrin
chlordane
4,4'-DOT

4,4'-DOE

4,4'-DDD
endosulfan I
endosulfan 1II
endosulfan sulfate
erdrin

endrin aldehyde
heptachlor
heptachlor epoxide

ND - Lless than 1 g/l
* - Less than 10 pg/1

B

]

6

8

8

8

| ]

5"|. *

PESTICIDES

111

FCB - 1242
PGB -~ 1254
KB - 1221
1232
1248
1260
PCB - 1016
ene

48 d

g

91

DATE SAMPLE RECEIVED

L Tuly Y981

DATE ANALYSIS COMPLETED <24 July 1981
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8
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIENT 1.D.__ BH-2 (NPDES) DATE SAMPLE RECETVED 6 July 1981
RC I.D.___ #570 DATE ANALYSIS COMPLETED_ S August 1981
VOLATILES
74

scrolein e 1,2-dichloropropane
acrylonitrile bl 1, 3-dichloropropy1enel
benzene 1.4 ethylbenzene
carlon tetrachloride * methylene chloride
chlorabonzene 1.9 methyl chloride
1,2-dichlorocthane 7.1 methyl bromide
1,1,1-trichloroethane ND bromoform
1,1-dichloroethane ND dichlorobramomethane
1,1,2-trichloroethane ND trichlorofluoramethane
1,1,2,2-tetrachloroethane dichlorodifluoromethane
chloroethane * chlorodibromome thane
2-chiloroctliylvinyl ether ND tetrachloroethylene
chloroforu 6.2 toluene
1,1-dichlorocthylene ND trichloroethylene
1, 2-trans-dichloroethylune 3.4 vinyl chloride

ND - Less than 1 ug/kg
* - less than 10 wg/kg
** - Less than 100 ug/kg

1

Values reported indicate the sum of both compounds.

I

13.1

H

l,3—cis~dichloropropylene and 1,3-trans-dichloropropylene could not be resolved,
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SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLILNT West Lake
cLIENT 1.D,_ _ DH-13 (NPDES) pATE SAMPLE RECE

1VED 6 July 1981

RC I1.D. #571 ____DATS ANALYSIS COMPLETED __ 16 Julvy 198]
ACTD COMPOUNDS
"opald

2,4,6-trichlorcphencl ND

_ o~chloro-m~cresol ND
2-chlorophenol ND
2, 4~dichlorcphenol ND
2, 4~dimethylphencl ND
2-nitrophenol D
4-nitropherol *
2,4=dinitrophenol ND
4,6—dinitro~o~creeol ND
pentachlorophenol D
phenol -5

ND - Less than 1 g/l
* - Legs than 25 wg/l

** - Legs than 250 ug/l
93




DATE SAMPLE ROCTIVED

CLIINI West Lake
CLILNT 1.D. BH-13 {NPIES)
RC I.D. #571

acenaphit heiwe

Laenzidine
1,2,4-trichlorabenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorabenzene
1,3dichlorabenzene
1,4-dichloraobenzene
3,3'—dichlorobenzidine
2,4~dinitrotolucne
2,6~dinitrotoluecne
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-bramophenyl phenyl ether
bis (2-chloroisapropyl) ether
bis(2-chlorcethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isoplorone

najhthalone!

LI's (o darancthyl)ether

ND - Less than 1 pg/l
* -~ less than 10 pg/l
** -~ Less than 25 ug/1

SIMMARY OF ORGAWIC PRIORITY POLLUTANT ANALYSIS

6 uly 1981

DATA ANALYSIS COMPLETED 22 July 1581

BASE /NEUTRAL OOMPOUNDS

52

8

«| «|B

6

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis (2-ethylhexyl)phthalate
butyl benzyl phthalate
d{-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
b_enzo(a)anthracene
benzo(a)pyrene
benzo(b) fluoranthene
benzo (k) fluoranthene
chrysene
acenaphthylene
anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indenc(1,2,3-c,d)pyrene
pyrene
2,3,7,8-tetrachlorod{benzo~

p-diaxin

1
1

w

10.1

| ]

6

«|816(616

*

]Benzo(b)flmranthene and benzo (k) fluoranthene could not be resolved, values reported
indicate the sum of both compourds,




SUMMARY QF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D. BH-13 (NPDES)
RC 1.D. #5711
PESTICIDES
pel
aldrin * a-BHC
dieldrin * b-BiHC
chlordane ND &-BHC
4,4'-DOT » g-BHC
4,4'-DOE e FCB - 1242
4,4'-00D * PCB - 1254
endosulfan I * KB - 1221
endosul fan 1I * KB - 1232
endosulfan sulfate * PCB - 1248
erdrin * PCB - 1260
endrin aldehyde » PCB - 1016
heptachlor * toxaphene
*

heptachlor epoxide

ND ~ less than 1 ug/1
* « Less than 10 ug/1

95

DATE SAMPLE RECEIVED 6 July 1981

DATE ANALYSIS COMPLETED 24 July 1981
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SIMHARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIENT I.D. B-13 (NPRES) DATE SAMPLE RECEIVED 6§ Julv 1981

RC I1.D. 2571 DATE ANALYSIS OOMPLETED 5§ Aucust 1981

VOLATILES
¥y/1

acrolein e 1,2-dichloropropane
acrylonitrile e 1, 3-<3ic:hloro;.urc:py].ene1
benzene ND ethylbenzene
carbon tetrachloride * methylene chloride
chlorobenzene N methyl chloride
1,2-dichlorcethane ND methyl bramide
1,1,1-trichloroethane ~ ND bramoform
1,1-dichloroethane ND dichlorobromomethane
1,1,2-trichloroethane ND trichlorofluworamethane
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane
chloroethane * chloroadibromomethane
2-chlorovtliylvinyl ether D tetrachloroethylene
chlorofonu 7.8 toluene
1, l-dichloroethylene D trichlorcethylene
1.2-trans-dichloroethylene ND vinyl chloride

ND - [ess than 1 ug/kg
* - Less than 10 ug/ kg
** - Less than 100 wg/ kg

11. 3-cis-dichloropr

lene and 1,3~-trans-dichlor

values reported indicate the sum of both campounds.

96

6

-
@®

'..

opropylene could not be resolved,
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SUMMARY OF QRGANIC PRICRITY POLLUTANT ANALYSIS

CcLIONT Yest Lake

cuienr 1.p._ _BH-25 2 (NPDES)  pate SAMPLE RECEIVED

RC I1.D. #3572 DATE ANALYSIS COMPLETED

ACID COPONDS
1:14%

2,4,6~trichlorophencl ND
o~chloro-m-cresol ND
2-chlorophenol ND
2,4-dichlorcphencl ND
2,4-dimethylphencl ND
2-nitrophenol ND
4-nitrophencl .
2,4~dinitrophencl -
4,6d{n{tro~o~cresol *
rentachlorcphenol ND
phernol 52.8

ND - Less than 1 ygq/1
* - Legs than 25 uq/1
** - Lega than 250 ug/l

97

6 July 1981

16 July 1981




DATE SAMPLE RIECEIVED

West Lake
CLILNT 1.0, BH-25 (NPDES)
RC 1.D. #572

. acenaph e
honzidine
1,2,4-trichlorobenzene
hexachloradx:nzene
hexachilorcethane
bis(2-chlorcethyl}ether
2-chloronaphthalene
1,2-dichlorcbenzene
1, 3~dichlorobenzene

l 1,4~dichlorcbenzene
3,3 ~dichlorabenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-Lramophenyl phenyl ether
bis (2~chloroisopropyl) ether
bis(2-chlorcethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene

Iisq*horme
narhrhalene!

' bis (chlarancthyl)ether

N - Less than 1 ugq/1
* - Less than 10 ug/l
9* - Less than 25 g/l

SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

6 ~_¥ 1%81

DATA ANALYSIS COMPLETED <« —uly 1981

BASE/NEUTRAL COMPOUNDS

pa/l

F

L 2.4

il

6

&8

|

»

*
*

PhELFEHfL

h

|

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylaci-e
bis (2-ethylhexyl)phtha 2 za
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate

dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene

benzo(b) £ luo:anthenel
benzo(k) f luoz'anthenel
chrysene

acenaphthylene

anthracene

benzo (9.h.1.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indeno(1,2,3~c,8)pyTene
pyrene
2,3,7,8-tetrachlorodiber=—-

pdioxin

[ ]

»

6

6

8

[ ]

lsenzo(b) fluwranthene and benzo (k) fluoranthene could not be resalved, valaes repol ted
| inlicate the sum of both compounds.
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l CLIENT West Lake

SUIMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT I.D.  BH-25 (NPDES) DATE SAMPLE RECEIVED 6 July 981
I RC I1.D. 572 ' DATE ANALYSIS COMPLETED 24 July 1981
I PESTICTIDES
l "1-72 Y 1172 Y
aldrin * a-BHC *
dieldrin ND b-BiC ND
l chlordane ND &~-BHC *
4,4'-DOT ND g-BIC ND
' 4,4'-DOE ND PCB - 1242 ND
4,4'-00D ND PCB - 1254 ND
l endosulfan I * PCB - 1221 ND
endoculfan II * PCB - 1232 ND
endosulfan sulfate * PCB -~ 1248 ND
endrin * PCB - 1260 1D
endrin aldehyde * PCB - 1016 ND
l heptachlor ND taxaphene ND .
heptachlor epcxide *
l ND - less than 1 ug/l
* ~ Less than 10 ug/1
| 0



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT 1.D. BH-25 (NPDES) DATE SAMPLE RECEIVED € Julv 1981

RC 1.D. #572 DATE ANALYSIS COMPLETED S Aucust 1981

VOLATILES
¥9/1 pa/l

acrolein we 1,2-dichloropropane ND
acrylonitrile e 1,3-dichloropropylenel *
benzene 1.1 ethylbenzene 203
carbon tetrachloride * methylene chloride 11.4
chlorobenzene N methyl chloride *
1,2-dichlorocthane S.4 methyl bramide d
1,1,1-trichloroethane D bramoform ND
1,1-dichloroethane ND dichlorobromomethane ND
1,1,2-trichlorocethane ND trichlorofluoromethane *
1,1,2,2-tetrachloroethane dichlorodiflucranethane .
chloroethane * shlorodibromomethane ND
2-chloroctlylvinyl ether ND tetrachloroethylene 484
chlorofona ND toluene 45.3
1l,1-dichlorvethylene » trichlorocethylene 4.4
1, 2-trans-dichloroethylene 23.1 vinyl chloride * _

ND - Less than 1 g/ kg
* - Less than 10 wg/ kg
*¢ - Less than 100 yg/ kg

11 ' 3-cis-dichlorcprcpy

values reported indicate the sum of both

lene and 1,3-~trans-dichlorcpr

100

copylene could not be resolved,

. e oa Al s . a
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SUMRY OF ORGANIC PRICRITY POLLUTANT ANALYS1S

CLIDNT West Lake

CLIENT I.D, HH-31 (NPDES)

RL 1.D. 4573

DATE SAMPLE RECEIVED
DATE ANALYSIS COMPLETED

6 July 1981

ANCID COMPOUNDS

2,4,6-trichlorcphencl
o~chloro~o~cresol
2=chlorophenol
2,4-dichloropherol
2,4-dimethylphencl
2-nitrophenol
4-nitraphencl
2,4-din{tropherol
4,6-din{tro-o~cresol
Eentachlorophencl
phenol

ND - Less than 1 yq/1
* - Legs than 25 ug/1
** - Less than 250 wg/l

101

‘B

&

26.0

8

6

8

*

+

8

lié

16 July 1981
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CLUINT West Lake

CLIFNT I.D.

GH-31

(NPOES)

DATE SAMPLE RECCIVED

RC I.D. #573

acenaphit hieiwe

benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis{2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorabenzene

1, 3~dichlorobenzene
1,4-dichloraobenzene
3,3'dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4-chlorophenyl phenyl ether
4-bLraophenyl phenyl ether
bis (2-chloroisopropyl)ether
bis (2-chloroethoxy)methane
hexachlorcbutadiene
hexachlorocyclopentadiene
isophorone

najhthalene!

L¥s (chloracthyl) cther

ND - [ess than 1 ug/1
* - less than 10 ng/l
** - Less tlan 25 ug/1

SIMMARY OQF ORGANIC PRIORITY POLLUTANT ANALYSIS

6 July 1981

BASE,/NEUTRAL COMPOUNDS

/1
—ND

‘e
—
—ND
—
—_—nND
—_—0
—_—l0
—_—t
—_—
NS 1 BN,
—_—l
Nl
—t
—DXD
—_—i0e
—0
—_—liD
—
—_—0
—ND

*e

——————————

nitrcbenzene
N-nitrosodimethylamine
N~nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis(2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate

bpnzo {a)anthracene
benzo(a)pyrene

benzo(b) flmranthenel
benzo (k) fluorant.heml
chrysene

acenaphthylene
anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
inderno(1,2,3-c,d)pyrene
pyrene
2,3,7,8-tetrachlorodibenzo-

pdioxin

DATA ANALYSIS COMPLETED 22 July 1981

it

-
o
N

CAGRAGCRINGGRE

-

6

6

8

6

6

]

»

6

8

L ]

X

lBenzo(h)fluoranLhcne and benzo (k) fluoranthene could not be resolved, values reported
inlicate the sum of both campourds.
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SIMMARY OF ORGANIC PRICRITY POLIUTANT ANALYSIS
CLIENT West Lake

Q—Im xoDo 31-31

(NPDES )

RC 1.D. #573

aldrin

dieldrin
chlordane
4,4'-poT
4,4'-DDE

4,4'-00D
endosulfan I
endosulfan II
endosulfan sulfate
endrin

endrin aldehyde
beptachlor
heptachlor epoxide

ND - Less than 1 ygn
* = Less than 10 pg/1

s

PESTICIDES

a-BHC
b-BHC
&-BHC
g-BHC

PCB - 1242
PCB - 1254
B - 1221
PGB - 1232
PCB - 1248
PCB - 1260
FCB - 1016
toxaphene

103

DATE SAMPLE RECETVED

6 July 1981

DATE ANALYSIS COMPLETED 24 July 198)




SIMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

ND = Less than 1 yg/kg
* - Less than 10 wg/kg :
** -~ Less than 100 yg/kg }

I

l CLIDNT, West Lake

l CLIENT 1.D.__ BH-31 _(NPDES) DATE SAMPLE RECEIVED ¢ Tuly 1981

RC 1.D. #573 DATE ANALYSIS COMPLETED 5 August 1981

! o

I s .
acrolein el 1,2-dichloropropane
acrylonitrile el 1, Jdichlorcprcpyleml -

I benzene ND ethylbenzene 30.4
carbon tetrachloride * methylene chloride 1.4

l chlorabenzene 9.6 methyl chloride . ,
1,2-dichloroethane .2 methyl bromide » {

I 1,1,1-trichloroethane 1.4 bramoform ND :
1,1-dichloroethane ND dichlorobramomethane
1,1,2-trichloroethane NO trichlorofluoramethane 2.6

l 1,1,2,2-tetrachloroethane 3D dichlorodifluoramethane . :
chlorcethane ol chlorodibramomethane ND :

' 2-chlorovthylvinyl ether ND fetrad':loroethylem 19.3
chloroform 3.1 toluene 30.9
1,1-dichloroethylene ND trichloroethylene 13.1

l 1, 2-trans-dichlaroethylene 40.2 vinyl chloride . !

1 Y
3.3~cis-dichloropropylene and 1,3-~trang-dichlorcpropylene could not be resolved
I values remrtedq:nd.\cate the su; of both a:!p:v.s;; " '

104
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SUMMARY OP ORGANIC PRIORITY POLLUTANT ANALYSIS

CLILNT West Lake

C!-IM I [} D._BH-35

RLC I.D. #574

DATE SAMPLE RECEIVED

6 July 1981

ACTD COMPOUNDS

2,4,6-trichlorophencl
o—~chloro~-m—cresol
2-chlorcphenol
2,4-dichlorophencl
2,4-dimethylphencl
2-nitrophenol
4-n{trophencl
2,4dinitropherol
4,6dinitro-o~cresol
Pentachlorophencl
phenol

ND - Less than 1 ug/l
* - Less than 25 ug/l
** -~ Less than 250 ug/1

105

DATE ANALYSIS OOMPLETED 16 July 1981




CLUNY West Lake

CLILNT 1.D. BH-35

{NPDES)

DATE SAMPLE RICEIVED

RMC 1.D. #574

acvnapdit heme

enzidine
1,2,4-trichlorobenzene
hexachloralbxnzene
hexachloroethane
bis(2-chloroethyllether
2—chloronaphthalene
1,2-dichlorcbenzene
1,3dichlorobenzene
1,4-dichlorolenzene
3,¥'dichlorolenzidine
2,4-3initrotoluene
2,6—dinitrotoluene
1,2-diphenylhydrazine
fluoranthene

4-chlorophenyl phenyl ether
4-Lramophenyl phenyl ether
bis(z-chloroisqarop;'(l)ether
bis(2-chloroethoxy)methane

hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

nahthalene!

Lts (chlorancthyl) cther

ND - Less than 1 ug/1
* = Less than 10 ug/l
** - Less than 25 ug/1

SIMMARY OF ORGANTC PRIQRITY POLLUTANT ANALYSIS

6 July 1981

DATA ANALYSIS COMPLETED 22 July 1881

BASE/NEUTRAL OOMPOUNDS

LB

*®

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine

N-nitrosodi-n-propylamine
bis (2-ethylhexyl)phthalate

butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
b‘enm(a)pyrene
benzo(b) fluoranthene
benzo (k) fluoranthene
chrysene
acenaphthylene
anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indero(1,2,3-c,d)pyrene
pyrene _
2,3,7,8-tetrachlorodiben

pdioxin

l
1

E

4
*

1

6

6

6|6 |6

6

8

6

8

6

[ ]

B

‘Benzo(b)flmranthem and benzo (k) fluoranthene could not be resolved, values reported
indicate the sum of both compounds,
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SIMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT |West Lake
CLIENT I.D. BH-35 (NPCES)  DATE SAMPLE ReceErvep & July 1981
RLC I1.D. #574 " DATE ANALYSIS CCMPLETED 24 July 1981
PESTICIDES

pd N:74Y
aldrin ) . a~B{C ND
dieldrin ND b~BHC ND
chlordane 940 a-BHC .
4,4'-DOT ND g~BHC ND
4,4'-DOE ND PCB - 1242 ND
4,4'-TDD ND PCB - 1254 ND
endosulfan I * PCB - 1221 ND
endosulfan II * PCB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin . PCB - 1260 ND
endrin aldehyde d PCB - 1016 ND
heptachlor D toxaphene ND
heptachlor epoxide o
ND - less than 1 ug/l
* = Less than 10 ug/l1
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SUMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIDNT Wesi_l.ake
cLIenT 1.0, BH-35 DATE SAMPLE RECEIVED _ 6 July 1981
RC I1.D. ¥574 DATE ANALYSIS COMPLETED S5 August 1981
VOLATILES
¥/l
acrolein v 1,2-dichloropropane
rylonitrile v 1,3-dichloropropjlene1
Enzene’ 15.7 ethylbenzene
carbon tetrachloride 22.4 methylene chloride
lorobenzene N methyl chloride
1,2-dichlorocethane 8l.6 methyl bramide
t ,1,1-trichloroethane ND bramoform
,1-dichloroethane 18.4 dichlorobramome thane
1,1,2-trichloroethane ND trichlorofluoramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane
chloroethane * chlorodibromome thane
2-chloroethylvinyl ether * tetrachloroethylene
chloroform 25.1 toluene
1,1-dachloroethylene 5.2 trichlorcethylene
1, 2-trans-dichloroethylene 7.7 vinyl chloride

- Less than 1 uyq/kg
* - Less than 10 uwg/kg
** - Less than 100 wg/kg

lene and 1,3~trans-dichlor

cpropylene could not be resolved,

values reported indicate the sum of both compounds.

Ill., 3~cis—dichloropropy
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Table 13
Concentration in ppm

Offsite Area l Area 1 Area 1 Area 2
Bkg Surface Surface Borehole Surface
Sample (%101) (2102) ($103) (8#104)

Barium 250 300 1811 2386 1158

Lead 16 15 108 121 11

Zinc 132 146 94 76 28
. Sulfate 20 15 108 121 11
I 109

Chemical Analysis of Radiocactive Material From Areas 1 and 2

Area 2
Surface
(#1095)

167
50
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Summary of Background Measurements in the Vicinity of West Lake Landfill,
St. Louis County Missouri

Table 14

------------------------------ Background Location-----=-c—c-eeewv——o
Sample Type Earth City Taussig Road 0ld St, Charles Rock Road
Flux (Av) (pCi/m2.s) 0.50 +/- S4% 0.58 +/- 27% 0.50 +/- 30%
Exposure Rate (uR/hr) 10.6 8.0 ————————————
Soil Conc. (Ra-226 pCi/gm) 2.6 +/- 23% 2.5 +/- 19% = @ eeemmmmmcmeo-
HVAS (W.L.) 1.1E-3 5E-3 - 1.7E-3




Target Criteria and Measurements LLDs for West Lake Landfill

Table 15
Soil Contaminants

Nuclide Target Criteria LLD
Ra-226 5pCi/g 1pCi/g
Total U 15pCi/g 3pCi/g
U-238 30pCi/g 6pCi/g
U-235 30pCi/g 6pCi/g
Th-232 5pCi/g 1pCi/g
Th-230 15pCi/g 3pCi/g

water and Airborne Contaminants
Nuclide Target Criteria LLD
aAll MPC Unrestricted 20% MPC
Radon Daughters 0.03 W.L. 0.006 W.L.
Ra-226 (water) 3E-8 uCi/ml 6E-9 uCi/ml

External Radiation

Target Criteria LLD
20 uR/hr 4 uR/hr
111




Radiological Survey Instruments and Methods



A. Portable Survey Instrument

The portable survey instruments wused at West Lake
included two complete sets of Johnson equipment, which
consist of battery operated rate meters, scalers and alpha,
beta and gamma probes. These systems (see Figure I-l) are
totally portable and can be used in the field for both

measurements and sample counting.

The alpha probes use a ZnS (Ag) scintillation detector;
the beta detector is a thin window (l.4mg/cm2 mica) GM tube,
and the gamma detector is a 2" by 2" NaI(Tl) crystal. The
alpha and beta probes were calibrated with "NBS traceable”
sources at the RMC calibration facility in Philadelphia and
the gamma scintillator was cross-calibrated with a primary

ionization chamber system, described below.
B. Ionization Chamber System

External gamma dose rates were accurately measured with
the RMC constructed Tissue Equivalent Ionization Chamber
System (Figure I-2). This system consisted of a 16 liter
tissue equivalent, gas filled ionization chamber (Shonka
chamber), a Keithley vibrating capacitor electrometer, a
printer and battery pack. It is capable of measuring dose

rates at background levels to a precision of a few percent.

Since this system is bulky and somewhat fragile, it is
not as suited for extensive field measurements as a smaller,
lightweight NaI(Tl) portable survey instrument. Therefore,

113



the NaI(Tl) detector was used for the majority of the field
gamma measurements. Since this detector's response |is
energy dependent, it cannot be used as a "micro R meter"

unless it is initially calibrated for such use.

The calibration performed by RMC consisted of
accurately measuring the exposure rate at several locations
at West Lake Landfill, using the Tissue Equivalent
Ionization Chamber, then fecording NaI(Tl) measurements at
the same location. In this manner a set of. NaI(Tl)
count-rate versus exposure rates were obtained and a uR/hr

calibration factor established, as shown in Figure I-3.

Due to the energy dependence of the Nal detector, this
conversion factor will apply only to the radionuclides and
geometries for which the calibrations were made. In the
case of West Lake, analyses have verified the presence only
of naturally occurring nuclides of the uranium series
(Ra-226 and daughters), thorium series and potassium.
Therefore, the conversion factor established at West Lake
will apply only to naturally occurring radionuclides

distributed in soil.
c. Mobile Lab Gamma Analysis System

The mobile 1lab gamma analysis system (Figure I-4)
consists of a PGT 15% efficient (relative to a 3" x 3"
NaI(Tl) crystal) intrinsic germanium (IG) detector, shield

and Tennecomp TP-50 1laboratory computer data acquisition
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module. The analysis system was calibrated for all counting

geometries with an NBS supplied Eu-152 source.

Each count was analyzed by a computer program for
determination of gamma energies and peak areas. All results
were printed out immediately following analysis on-site, and
data was stored on floppy discs for future analysis, as

needed.

Samples were sealed in counting containers and stored
to allow for complete ingrowth of radon and daughters,
whenever possible. In these cases, Ra-226 was determined by
counting the daughter Bi-214 gamma-ray lines at 609 and 1764
KeV. Pb-214 was determined by the 295 and 352 KeV lines,
U-238 from its 93 KeV line, Ra-223 from its 270 KeV line,
Rn-219 from its 401 KeV line, Pb-211 from its 405 and 832
KeV lines, Th-227 from its 237 KeV line and K-40 from its

1462 ReV line.

Typical LLDs for Ra-226 were 0.1 pCi/g in seoil and
vegetation, and 0.4 pCi/l in water. For Rn-219 daughters on
air filters, LLDs were 0.4 pCi/l. The LLD for U-238 in soil

was on the order of 1 pCi/gq.
D. Auger Hole Logging System

Detailed logging of selected auger holes was performed
with the system shown in Figure I-5, This system consists
of a custom designed EG&G Ortec intrinsic germanium detector
(108 eff) with a narrow dewar, coupled to a Tracor-Northern
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1750 MCA wused for data acquisition and initial field

evaluations. Data was stored on a tape cassette recorder,
then transferred to the 1lab computer system for final
analysis. The entire system, including an NIM module powér
supply with a bias power supply and amplifier, was powered
in the field by a portable 5000 watt gasoline-driven

generator.

The logging system was calibrated as described in
Attachment 1. Field counting times varied from 2 minutes to
10 minutes at each location, depending upon the Jlevel of
activity present. Typical LLDs for this system and

relatively short count times are 0.3 pCi/g for Bi=-214, 1

pCi/g for U-238, 0.2 pCi/g for Pb-212 and 0.1 pCi/g for
K-40.

The field use of this system was somewhat limited by
initial failure due to high humidity effects on the pre-amp
components and thermal insulation of the detector housing.
These problems were partially corrected by sealing the

detector in an outer container and allowing dry air to flow

through the container,
E. Radon Analysis Systems

Radon flux was determined using the accumulator system
shown in Figure 1I-6, which 1is similar to those used by
Wilkening [1) and others. Accumulation times varied from 15

minutes to 2 hours. Gas samples were drawn and counted in
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the EDA Radon Detector, usually 2 hours after sampling, to

allow for daughter ingrowth. Standard MSA charcoal

canisters were used for the canister method, as described by

Countess [2].

F. Alpha-Beta Counting System.

All samples were counted for gross alpha or beta

activity on the Gamma Products low background gas flow
proportional counter, shown in Figure I-7. The system is

automatic and can be programmed for a variety of counting

parameters.
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Figure 1-5. In-situ auger hole logging system with intrinsic germanium detector
and narrow dewar assembly, data acquisition equipment and storage/
fill dewar,
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ATTACHMENT 1 TO APPENDIX I




INTRINSIC GERMANIUM WELL LOG

DETECTOR CALIBRATION

The intrinsic germanium detector was connected to the

puise height analysis system consisting of the following

components:

Ortec Model 459 High Voltage Power Supply
Canberra 2011 Spectroscopy Amplifier
Tracor Northern 1750 MCA

Teletype Model 43 Printer

Gain and voltage supply settings were adjusted to
obtain an energy spectrum of 0 to 2000 kev, which

corresponds to approximately 1 kev per channel.

Calibration of the well logging system was performed
using the calibration rig shown in Figure l. This rig is
constructed as a series of four concentric rings surrounding
a 6 inch PVC casing. Each ring contains thin plastic tubes
1-1/4" diameter by 36® long. A set of "source rods®"™ and
"background rods" were prepared and loaded into these tubes
in a variety of configurations for the various calibration

and test counts.

The geometry of the rig is such that the distance from
the center of the casing (or detector) to the center of the
innermost ring is 3.75 inches, to the center of the second

ring is 5.0 inches, to the center of the third ring is 6.25
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inches, and to the center of the fourth ring is 7.50 inches,

All voids between tubes were filled with low background
sand. It was determined that the ratio of source volume in
each ring to the total ring area was about 0.6. Hence, when
source rods were fully 1loaded into a given ring, the
activity counted represented approximately 60% of the total
area (vblume) the detector viewed, and counts weré adjusted

accordingly.

Each source tube is a 12 inch high by 1 inch diameter
tube filled with a material containing Eu-152. The source
material was prepared by mixing the standard Eu-152 source
solution with plaster of paris, at a constant ratio designed
to give a uniform specific activity of 440 pCi/gram.
Background rods were filled with "clean" plaster of paris.
Plaster of paris was chosen because of its ease of handling,
ability to wuniformly distribute the source throughout the
material, and its density, which approximates that of common
soil. (Density of soil, 1.7-2.3 g/cubic cm; density of

plaster, 1.5 g/cubic cm; density of sand, 1.4 g/cubic cm)

Four éifferent configurations of source and blank tubes
were used for the calibration., Source tubes were placed
three high in one of the four concentric rings of the rig
for each count while the balance of the rig was filled with
blanks. These confiqurations correspond to the source
material being a radial distance of 3.75, 5.00, 6.25 and

7.50 inches from the detector.
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Each Configuration was counted for 900 seconds, and the

area under each of the eight major Eu-152 photopeaks

determined for each count.

Calculation of counts per gamma per gram was determined

by the following method:

NCNTS/GAMMA/GRAM =

[NCNTS]1/[(440pCi/g) (3.7E-2d4/s/pCi) (900s) (ABUNDANCEgamma/d) }

For each gamma energy, the net counts/gamma/qram vs
distance from the center of the detector was listed. These
response curves were then plotted for each energy, for
distances and activities which extend to zero net counts.
This represents an "infinite" distance from the detector.
Using these curves, the total counts from the detector to an
infinite distance was calculated by integrating the area
under the curve using Simpson's rule for approximating
integrals. Of prime importance is the integral from 2
inches to infinity, since this is the area the detector will

view when placed inside a 4 inch PVC casing.

Finally, the integrated net count/gamma/gram, froh 2
inches to infinity, was plotted vs energy, for each of the
Eu-152 photons. With this efficiency curve, a specific
activity in soil (pCi/gram) can be determined from a bore
hole count, assuming the radionuclide can be identified and

its gamma abundance determined. The calculation is:
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count, with a 953 confidence

pCi/g.
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ABSTRACT

The West Lake Landfill is located near the city of St. Louis in Bridgeton, St.
Louis County, Missouri. The site has been used since 1962 for disposing of mu-

nicipal refuse, industrial solid and liquid wastes, and construction demolition
debris.

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill. The radiocactive material resulted from the processing of
uranium ores and the subsequent sale by the AEC of processing residues. Pri-
mary emphasis is on the radiological environmental aspects as they relate to
potential disposition of the material. It is concluded that remedial action
is called for.
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1 INTRODUCTION AND BACKGROUND

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill (Figure 1), in particular, the radiological environmental
aspects as they relate to potential disposition of the material.

The West Lake Landfill, Inc. property is a 200 acre tract in Bridgeton,

St. Louis County, Missouri, on the outskirts of the city of St. Louis. It is
about 4 miles west of St. Louis' Lambert Field International Airport, near the
intersection of interstate highways I-70 and I-270. Limestone was quarried
there from 1939 to 1987. Also on the property is an industrial complex where
concrete ingredients are measured and combined, and where asphalt aggregate is
prepared. Since 1962, portions of the property have been used as landfills for
disposing of municipal refuse, industrial solid and liquid wastes, and construc-
tion demolition debris. 1In 1973, soil contaminated with radioactive material
was placed in a landfill there.

The radioactive material originated with uranium-ore-processing residues which
had been stored at Lambert Airport by the U.S. Atomic Energy Commission (AEC),
and which were sold in early 1966 to the Continental Mining and Milling Company,
of Chicago, I1linois. The AEC's invitation to bid listed the following residues
for purchase: 74,000 tons of Belgian Congo pitchblende raffinate containing
about 113 tons of uranium; 32,500 tons of Colorado raffinate containing about
48 tons of uranium; and 8700 tons of leached barium sulfate containing about 7
tons of uranium. The material was moved from the airport during 1966 to nearby
9200 Latty Avenue, Hazelwood, Missouri. In January 1967, the Commercial Dis-
count Corporation of Chicago took possession of the residues to remove moisture
and to ship the residues to the Cotter Corporation facilities in Canon City,
Colorado. In December 1969, the remaining material was sold to the Cotter Cor-
poration. In the following four years, the residues, with the principal
excep}ion of the 8700 tons of leached barium sulfate, were shipped to Canon
City.

In April 1974, Region III representatives of NRC's Office of Inspection and
Enforcement visited the Cotter Corporation's Latty Avenue site to check on
the progress of the decommissioning activities being performed there. This
inspection disclosed that in 1973 Cotter Corporation had disposed of approxi-
mately 8700 tons of leached barium sulfate residues mixed with 39,000 tons of
top soil at a local landfill.?

By letter dated June 2, 1976, the Missouri Department of Natural Resources
(MDNR) forwarded to the NRC's Region III office newspaper articles which alleged
that only 9000 tons of waste had been moved from the Latty Avenue site rather
than 40,000 tons and that it was moved to the West Lake Landfill rather than to
the St. Louis Landfill No. 1. Region III personnel investigated the allegations
and found that 43,000 tons of waste and soil had been removed from the Latty
Avenue site and had been dumped at the West Lake Landfill in Bridgeton, and

that the waste was covered with only about 3 feet of soil.?

Discussion with the West Lake Landfill operators indicated that all of the
material from Latty Avenue had been disposed of in one area; however, an aerial

1
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survey of the site identified two areas of contamination. The second contami-
nated area is identified as Area 1 in Figure 2.2 Subsequently, the NRC spon-
sored other studies that were directed at determining the radiological status of
the landfill. An extensive survey was initiated in November 1980 by the Radia-
tion Management Corporation (RMC) under contract to the NRC. The findings were
published in May 1982 in NUREG/CR-2722, "Radiological Survey of the West Lake
Landfill, St. Louis County, Missouri. w3 In March 1983, the NRC through Oak
Ridge Associated Universities (ORAU) contracted with the University of Missouri-
Columbia (UMC), Department of Civil Engineering, to describe the environmental
characteristics of the site, conduct an engineering evaluation, and propose
possible remedial measures for dealing with the radioactive waste at the West
Lake Landfill. In May 1986, ORAU sampled water from wells on and close to the
landfill to determine if the radioactive material had migrated into the ground-
water. A report is being grepared detailing the results of the investigations
conducted by UMC and ORAU.

Information from all these sources and from NRC site visits forms the basis
for this report.

2 DESCRIPTION OF THE SITE
Location

The 200-acre West Lake Landfill site is situated on the southwest side of

St. Charles Rock Road in Bridgeton, St. Louis County, Missouri (Figure 1).2
It is about 16 miles northwest of the downtown area of the city of St. Louis,
and about 4 miles west of Lambert Field International Airport (Figure 1). It
is approximately 1.2 miles from the Missouri River.

History

The West Lake Landfill has been used since 1962 for the disposal of municipal
refuse, industrial solid and liquid wastes, and construction demolition debris.
Between 1939 and the spring of 1987, limestone was quarried there. Landfill
operations filled in some of the excavated pits from the quarry operations.
Also on the property is an active industrial complex in which concrete ingre-
dients are measured and combined before mixing ("batching"), and asphalt
aggregate is prepared.

The unregulated landfill, in which the radioactive material was placed in 1973,
was closed in 1974 by the Missouri Department of Natural Resources (MDNR).

Also in 1974, under an MDNR permit, a newer sanitary landfill was opened and
now operates in an adjacent area on the West Lake Landfill property. The newer
landfill is protected from groundwater contact. The bottom of the new landfill
is lined with clay, and a leachate collection system has been installed. Leach-
ate is pumped to a treatment system consisting of a lime precipitation unit fol-
lowed in series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.?

Ownership

Since 1939, the West Lake Landfill has been owned by West Lake Landfill, Inc.,
of 13570 St. Charles Rock Road, Bridgeton, Missouri.
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Contaminated Areas

Radioactive contamination at the West Lake Landf111 has been identified in two
separate soil bodies (Figure 2).

The northern area (referred to as Area 2) covers about 13 acres® and l1ies above
16 to 20 feet of landfill debris. The contaminated soil forms a more or less
continuous layer from 2 to 15 feet in thickness and consists of approximately
130,000 cubic yards of soil. Some of this contaminated soil is near or at the
surface, particularly along the face of the northwestern berm. Beneath the
landfill debris, the soil profile consists of 3 to 7 feet of floodplain top
soil overlying 30 to 50 feet of sand and gravel alluvium.

The southern area of contamination (Area 1) covers about 3 acres3® and contains
roughly 20,000 cubic yards of contaminated soil. This body of soil is located
east of the landfill's main office at a depth of about 3 to 5 feet and is lo-
cated over a former quarry pit which was filled in with debris. The depth of
debris beneath the contaminated soil is unknown but is estimated to be 50 to
65 feet. Limestone bedrock underlies the landfill debris.?

Topography

About 75 percent of the landfill site is located on the floodplain of the
Missouri River (Figure 2) at about 440 feet above mean sea level (msl). The
site topography is subject to change because of the types of activities (e.g.,
landfilling and quarrying) performed there. However, the areas containing the

radioactive waste have their surface at about 470 feet (msl). The surface runoff

in the area around the landfill follows several surface drains and ditches that
run in a northwest direction and drain into the Missouri River.2

Geology

Bedrock beneath the West Lake Landfill consists of limestone that extends down-
ward to an elevation of 190 feet msl. The limestone is dense, bedded, and
except for intermittent layers that consist of abundant chert nodules, fairly
pure. The Warsaw Formation, which lies directly beneath the 1imestone, is made
up of approximately 40 feet of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the formation. Bedrock beneath the
site dips at an angle of 0.5° to the northeast. Five miles east of the site,
the attitude of the bedrock is reversed by the Florissant Dome.?2

Since groundwater moving through carbonate rocks often creates channels for
rapid water flow, the possibility of this occurring in the West Lake Landfill
area was considered. Brief observation of the quarry walls at the landfill
suggests that some of the limestone has dissolved. In a letter to West Lake
Landfill, Inc., the Missouri Department of Natural Resources stated that the
fact that grouting was necessary in the quarry area to block water inflow sug-
gests that the limestone is at least somewhat solution weathered.* However,
in the draft UMC report, the opinion is expressed that the solution activity
has apparently been limited to minor widening of joints and bedding planes near
the bedrock surface, and that, at depth and when undisturbed, the limestone is
fairly impervious.?2 It is not clear whether the views represented by these

‘statements are in conflict.



Soil material in the area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2. The division is made on the basis of
soil composition, depositional history, and physical properties. The West Lake
Landfill lies over this transition zone.2

Hydrology

Groundwater flows in the area surrounding the West Lake site through two aqui-
fers: the Missouri River alluvium and the shallow limestone bedrock. Although
the limestone is fairly impervious and groundwater flows in most areas from the
bedrock into the alluvium, contamination of water in the bedrock aquifer is
possible. The base of the limestone aquifer is formed by the relatively imper-
meable Warsaw shale at an elevation of about 190 feet (ms1). This shale layer
has been reached, but not disturbed, by quarrying operations. Therefore, the
Harsaw]shale acts as an aquiclude, making contamination of the deeper limestone
unlikely.

The deep Missouri River alluvium, which is under about 10 feet of more-recent

alluvium, acts as a single aquifer of very high permeability. This aquifer is
relatively homogeneous in a downstream direction and decreases in permeability
near the valley walls.

The water table of the Missouri River floodplain is generally within 10 feet of
the ground surface, but at many points it is even shallower. At any one time,
the water levels and flow directions are infiuenced by both the river stage and
the amount of water entering the floodplain from adjacent upland areas.

Water levels recorded between November 1983 and March 1984 in monitoring wells
at the landfill, indicate a groundwater gradient of 0.005 flowing in a N 30°W
direction beneath the northern porticn of the landfill. This represents the
likely direction of leachate migration from the landfill.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial
aquifer is highly permeable, there will be little "mounding" of water beneath
the landfill. Also, the northern portion of the landfill has a level surface,
and thus it is likely that at least half of the rainfall infiltrates the sur-
face. The remaining rainfall is lost to evapotranspiration and (to a lesser
degree) surface runoff.2

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well in the vicinity of the
landfill is used as a drinking-water supply. This well is 1.4 miles N 35°W of
the Butler-type building on the West Lake Landfill.

Because of the extremely low slope of the Missouri River floodplain surface,
rain falling on the plain itself generally infiltrates the soil rather than
running off the surface. The only streams present on the floodplain are those
that originate in upland areas. Drainage patterns on the plain have been rad-
jcally altered by flood control measures taken to protect Earth City and by
drainage of swamps and marshes. Because of the relationship that exists



between river level and groundwater level in portions of the floodplain near
the rgver, streams may either lose flow (at low stage) or gain flow (at high
stage).

The present channel of the Missouri River lies just under 2 miles west and
northwest of the landfill. The Missouri River stage at St. Charles (mile 28)
is zero for a water level of 413.7 feet (msl1). Average discharge of the
Missouri River is 77,338 cubic feet per second.

Water supplies are drawn from the Missouri River at mile 29 for the city of

St. Charles, and the intake is located on the north bank of the river. Another
intake at mile 20.5 is for the St. Louis Water Company's North County plant.
The city of St. Louis takes water from the Mississippi River, which is joined
by the Missouri River downstream from the landfill. The intake structures for
St. Louis are on the east bank of the river, so that the water drawn is derived
from the upper Mississippi.?

Demography

Two small residential communities are present near the West Lake Landfill:
Spanish Lake Village consists of about 90 homes and is located 0.9 mile south
of the landfill, and a small trailer court lies across St. Charles Rock Road,
0.9 mile southeast of the site. Subdivisions are presently being developed 1
to 2 miles east and southeast of the landfill in the hills above the floodplain.
Ten or more houses lie east of the landfill, scattered along Taussig Road. The
city of St. Charles is located north of the Missouri River, more than 2 miles
from the landfill.2

Population density on the floodplain is generally less than 26 persons per square
mile, but the daytime population (including factory workers) is much greater than
the number of full-time residents. Earth City Industrial Park is located on the
floodplain 0.9 to 1.2 miles northwest of the landfill. The Ralston-Purina
facilities are located 0.2 mile northeast of the Butler-type building at the
Tandfill. Considering that land in this area is relatively inexpensive and that
much of it is zoned for manufacturing, industrial development on the floodplain
will likely increase.?

3 RADIOLOGICAL SURVEYS

From August 1980 through the summer of 1981, the Radiation Management Corpora-
tion (RMC), under contract to the NRC, performed an onsite evaluation of the
West Lake Landfil13 to define the radiological conditions at the landfill. The

results were utilized in performing this determination regarding whether or
not remedial actions should be taken.

The area to be surveyed was divided into 33-foot grid b1ocks and included the
following measurements:

(1) external gamma exposure rates 3.3 feet above the ground surface and
beta-gamma count rates 0.4 inch above the surface;

(2) radionuclide concentrations in surface soils;

(3) radionuclide concentrations in subsurface deposits;



(4) total ("gross") activity and radionuclide concentrations in surface and
subsurface water samples;

(5) radon flux emanating from surfaces;
(6) airborne radioactivity; and
(7) total activity in vegetation.

External Gamma

The two areas of elevated external (gamma) radiation levels, as they existed in
November 1980 at the time of the preliminary RMC site survey, both contained
places where levels exceeded 100 pR per hour at 3.3 feet. In Area 2, gamma
levels as high as 3000 to 4000 pR per hour were detected. The total areas ex-
ceeding 20 pR per hour were about 2 acres in Area 1 and 9 acres in Area 2.3
(The criterion of 20 pR per hour is derived from the NRC's Branch Technical
Position, 46 FR 52061, October 23, 1981, which aims at exposure rates less

than 10 pR per hour above background levels background radiation was taken to
be 10 pR per hour also.)

External gamma levels were measured in May and July of 1981. These levels were
significantly smaller than the November 1980 values, especially in Area 1,
because approximately 4 feet of sanitary fil] had been added to the entire area,
and an equal amount of construction fill was added to most of Area 2. As a
result, only a few thousand square feet in Area 1 exceed 20 pR per hour. In
Area 2, the total area exceeding 20 pR per hour decreased by about 10 percent,
and the h1ghest levels were about 1600 pR per hour near the Butler-type
building.3

Surface Soil Analysis

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Concentrations of U-238, Ra-226, Ra-223, Pb-211, and Pb-212 were
determined for each sample. In all soil samples, only uranium and/or thorium
decay chain nuclides and K-40 were detected. Offsite background samples were

on the order of 2 pCi per gram for Ra-226. Onsite samples ranged from about 1

to 21,000 pCi Ra-226 per gram and from less than 10 to 2100 pCi U-238 per gram.

In samples in which elevated levels of Ra-226 were detected, the concentrations of
U-238 were generally one-half to one-tenth of those of Ra-226. In cases of
e]evated sample activity, daughter products of both U-238 and U 235 were

~ found. 3

In general, surface activity was limited to Area 2, as indicated by the surface
beta-gamma measurements. Only two small regions in Area 1 showed surface con-
tamination; both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations.

The results of these measurements (Table 4 of NUREG/CR-2722) show that all sam-
ples contained high levels of Th-230. The ratio of Th-230 to Ra-226 (inferred
from Bi-214) generally ranges from 4:1 to 40:1.



Subsurface Soil Analysis

Subsurface contamination was assessed by extensive "logging" of holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was detected. A total of 43 holes were drilled
(11 in Area 1 and 32 in Area 2), including 2 offsite wells for monitoring water.
A1l holes were drilled with a 6-inch auger and were lined with 4-inch PVC
(polyvinyl chloride) casing.3

Each hole was scanned with a 2-inch NaI(T1) detector and rate meter system for
an initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer. Concentra-
tions of Ra-226, as determined by the IG system, ranged from less than 1 pCi per
gram to 22,000 pCi per gram.3

It was determined that the subsurface deposits extended beyond areas in which
surface radiation measurements exceeded the reference level of 20 pR per hour.
The lateral extent of material exceeding 5 pCi Ra-226 per gram, including

both surface and buried materials, is shown on Figure 2. The total difference
in areas is about 5 acres.

The surface elevations vary by about 20 feet, and the highest elevations occur
at locations of more recent fill. Contaminated soil (>5 pCi Ra-226 per gram)
is found from the surface to depths as great as 20 feet below the surface. 1In
general, the contamination appears to be a continuous single layer ranging from
2 to 15 feet thick and covering 16 acres.3

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority pollutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth was taken from siudge from
the West Lake Landfill leachate treatment plant. The analysis shows organic
solvents present in the Area 2 samples. Positive results were reported for 25
listed organic compounds. Chromium, copper, lead, nickel, and zinc were the
predominant elemental priority pollutants detected. The analysis of the

sample from the leachate treatment sludge showed that it had smaller pollutant
concentrations than the samples from the auger holes.3

Chemical analyses of material from the radioactive layer from both areas were
also performed by RMC's laboratory. In most cases, elevated levels of barium
and lead were found.

Background Radiocactivity Measurement

Several offsite locations (within a few miles of the West Lake Landfill) were
selected for reference background measurements. Background values were all
within the normal range. The gamma exposure rates were 8 and 10.6 pR per hour.
Radium-226 concentrations in soil were 2.5 and 2.6 pCi per gram. Radon flux
from the ground surface was 0.50 and 0.58 pCi per square meter-second; working
level values were 0.0011, 0.0017, and 0.005 WL.3



Airborne Radioactivity Analysis

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask (accumulator) method for radon gas, and the second

was analysis of filter paper activity for particulate daughters. A series of
grab samples using the accumulator method were taken between May and August of
1981. A total of 111 samples from 32 locations were collected. Measurable
radon flux levels ranged from 0.2 pCi per square meter-second in low background
areas to 865 pCi per square meter-second in areas of surface contamination.3

At three locations, measurements were repeated over a period of 2 months. Sig-
nificant fluctuations were observed at two locations. The fact that these fluc-

tuations were real and not measurement artifacts was later confirmed by dupli-
cate charcoal canister samples.

A set of 10-minute, high-volume, particulate, air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha activ-
ity. The highest levels (0.031 WL) were detected in November 1980, near and
inside the Butler-type building. These two samples approximately equal NRC's

10 CFR Part 20, Appendix B, alternate concentration 1imit of one-thirtieth WL
for unrestricted areas. In addition to the routine 10-minute samples, five
20-minute, high-volume, air samples were taken' and counted immediately on the IG
gamma spectroscopy system to detect the presence of Rn-219 daughters. A1l
samples were taken near surface contamination. Concentrations of Rn-219
daughters ranged from 6 x 10-1! to 9 x 10-1% uCi per cubic centimeter.3

Vegetation Analysis

Vegetation samples collected by RMC included weed samples from onsite locations
and farm crop samples (winter wheat) near the northwest boundary of the land-
fi1l. This location was chosen because water could run off from the fill onto
the farm field. No elevated activities were found in these samples.3

Water Analysis

A total of 37 water samples were taken by RMC and analyzed for gross alpha and
beta activity. Four samples were taken in the fall of 1980 and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross-alpha-activity standard for drinking water of
15 pCi per liter and that was a sample of standing water near the Butler-type
building. Several samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water action level for gross beta activity. Subse-
quent isotopic analyses indicated that the beta activity could be attributed to
K-40. None of the offsite samples exceeded either EPA standard.3

In 1981, the Missouri Department of Natural Resources collected 41 water samples
that RMC analyzed for radioactivity. Of these samples, 5 were background, 10
were onsite surface water, 10 were shallow groundwater standing in boreholes,
and 16 were landfill leachate. From these data, background activity is esti-
mated as 1.5 pCi gross alpha activity per liter and 30 pCi gross beta activity
per liter. One groundwater sample was at 15 pCi gross alpha per liter, and one
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surface water sample was 45 pCi per liter. Most of the leachate samples were
above 50 pCi beta per liter.S

In addition, groundwater samples in 11 perimeter monitoring wells at the West
Lake Landfill were taken by the Reitz and Jens Engineering firm on November 15, 1983,
and by University of Missouri at Columbia (UMC) personnel on March 21, 1984.

In both sampling times, one well, but not the same one, exceeded the EPA's
drinking water standard of 15 pCi per liter (18.2 pCi per liter in 1983 and 20.5.
pCi per liter in 1984). On May 7 and 8, 1986, Oak Ridge Associated Universities
(ORAU) personnel took water samples from 44 per1meter wells; only one (by 01d

St. Charles Rock Road) with 17 pCi alpha act1v1ty per liter exceeded the drinking
water standard.?

The operators of the landfill, West Lake Landfill, Inc., have an ongoing hydro-
geologic investigation of the site, which also 1nv01ves ana]yses of monitoring
well samples for radioactivity and for priority pollutants.4

4 ESTIMATION OF RADIOACTIVITY INVENTORY

Soil sample analyses have shown that the radioactive material in Areas 1 and 2
of the landfill consists almost entirely of natural uranium and its radioactive
decay products.

The analyses of soil samples indicate that the naturally occurring U-238 to
Th-230 to Ra-226 equilibrium has been altered and that the ratio of Ra-226 to
U-238 is on the order of 2:1 to 10:1; the ratio of Th-230 to Ra-226 generally
ranges from 4:1 to about 40:1. These ratios are in accord with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores. The indicator radionuclides for assess-
ment of the radiological 1mpacts of the material are therefore U-238, Th-230,
and Ra-226.

Using the RMC data and averag1ng the auger hole measurements over the volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90 pCi
per gram was calculated for Ra-226.2 For the ratio of Th-230 to Ra-226, the
RMC data® range from 4:1 to 40:1; data from samples taken in 1984 along the
berm range up to almost 70:1.5 A further consideration is that the material
came from Cotter Corporation's Latty Avenue site (later sold to Futura Coatings,
Inc.). Measurements at the Latty Avenue site are variously reported as up to
180:16 and about 300:1.7 Some material of that nature might have been trans-
ferred along with the barium sulfate residues. To ensure conservatism in esti-
mating the long-term in-growth of Ra-226, the NRC staff used a ratio of 100:1
to estimate the Th-230 activity. Similarly, the Ra-226:U-238 ratio ranges

from 2:1 to 10:1. This ratio is less critical to the radiological aspect of
the site and has been estimated to be 5:1 for purposes of calculation.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material in the land-
fill was estimated by visually integrating the volume of radiocactive material
from graphs and multiplying by an average soil density, resulting in

1.5 x 101! grams (150,000 metric tons) of contaminated soil.
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These numbers indicate that there are about 14 Ci of Ra-226 contained with its
decay products in the radioactive material in the landfill. The material also
contains about 3 Ci each of U-238 and U-234, and about 1400 Ci of Th-230.
These estimates indicate the order of magnitude of the quantities to be dealt
with, although the estimate for Th-230 is regarded as conservatively large.

S5 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies five
acceptable options for disposal or onsite storage of wastes containing low
levels of uranium and thorium (46 FR 52061, October 23, 1981).%8

The concentrations permitted under each disposal option are shown in Table 1.

Table 1 Summary of maximum soil concentrations permitted
under disposal options

Source: 46 Federal Register 52061

Disposal options

Kind of material 12 2b 3¢ 4d

Natural thorium (Th-232 + Th-228) 10 50 - 500
with daughters present and in
equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) 10 - 40 200
with daughters present and in
equilibrium. (pCi/g)

3Based on EPA uranium mill tailings cleanup standards.

bConcentrations based on limiting individual doses to
170 mrem per year.

CConcentration based on limiting equivalent exposure to 0.02

WL or less.
dConcentrations based on limiting individual intruder doses
to 500 mrem per.year and, in cases of natural uranium, lim-

iting exposure to Rn-222 and other airborne alpha emitters
to 0.02 WL or less.

Options 1-4 provide methods under 10 CFR 20.302, for onsite disposal of
slightly contaminated materials, e.g., soil, if the concentrations of radio-
activity are small enough and other circumstances are satisfactory. The fifth

option consists of onsite storage pending availability of an appropriate
disposal method.

The material present in the West Lake Landfill is a form of natural uranium with
daughters, although the daughters are not now in equilibrium. As mentioned in
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Section 4, the average concentration of Ra-226 in the West Lake Landfill wastes
is about 90 pCi per gram, which (considered by itself) falls into Option 4 of
the BTP since Option 4 criteria are controlled by the Ra-226 content in the
wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be accompanied by

100 pCi of Ra-226 per gram). However, because of the large ratio of Th-230
radioactivity to that of Ra-226, the radioactive decay of the Th-230 will in-
crease the concentration of its decay product Ra-226 until these two radionu-
clides are again in equilibrium. Assuming the ratio of activities of 100:1 used
above, the Ra-226 activity will increase by a factor of five over the next

100 years, by a factor of nine 200 years from now, and by a factor of thirty-
five 1000 years from now. All radionuclides in the decay chain after Ra-226
(and thus the Rn-222 gas flux) will also be increased by similar multiples.
Therefore, the long-term Ra-226 concentration will exceed the Option 4 criteria.
Under these conditions, onsite disposal, if possible, will 1ikely require
moving the material to a carefully designed and constructed "disposal cell."

6 REMEDIAL ACTION ALTERNATIVES EXAMINED

The evaluation performed by staff of the University of Missouri at Columbia
addresses six potential remedial action alternatives, including that of leav-
ing the radioactive material as it is, designated Option A.2 Option D is

the option of excavating the material and shipping it to another site for
disposal. Options B, C, E, and F address different approaches to stabilizing
the material on the West Lake Landfill site, ‘primarily as temporary remedial
actions. Options B, C, and F leave most of the radioactive material where it
is but include a variety of measures to contain it and its radon releases and
gamma emissions. Option E addresses the approach of constructing an onsite
earthen cell, similar to a disposal cell, and moving the radiocactive material
into it. Under Option F, the radioactive material would be left in place and
separate slurry walls would be built downgradient of Areas 1 and 2 to con-
strain groundwater motion. The estimated costs of Options B through F range
from about $370,000 (Option B) to about $5,500,000 (Option F) in 1884 dollars.
The estimate for Option D is about $2,500,000, but this does not include the
cost of transporting the material to another site and disposing of it there; in
the staff's judgment, this could increase the cost by as much as a factor of ten.

Further studies are necessary to determine the most practical approach to
disposal of this material.

7 FACTORS CONTRIBUTING UNCERTAINTY

The presence in the landfill of other substances listed as hazardous by the
U.S. Environmental Protection Agency raises issues of whether the waste is
mixed waste (i.e., both radioactive and chemically hazardous), and whether
the landfill must also be disturbed to provide for proper containment of the
chemical wastes. _

The manner of placing the 43,000 tons of contaminated soil in the landfill
caused it to be mixed with additional soil and other material, so that now an
appreciably larger amount is involved. If it must be moved, it is not certain
whether the amount requiring disposal elsewhere is as little as 60,000 tons

or even more than 150,000 tons.
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Because the controlling radionuclide (Th-230) has no characteristics that make
it easy to measure quantitatively in place, as can be done for the Ra-226 with
its decay products, the large but variable ratio of -Th-230 to Ra-226 and its
decay products makes the delineation of cleanup more difficult. When the ratio
is so large (20:1 or more), even a small concentration of Ra-226 in 1988 im-
plies such a large concentration later that it will be necessary to employ more
difficult measurement techniques to confirm that the cleanup has been
satisfactory. '

Any possibility of disposal on site will depend on adequate isolation of the
waste from the environment, especially for protection of the groundwater. It
is unclear whether the area's groundwater can be protected from onsite disposal
at a reasonable cost. This matter will require additional investigation.

8 SUMMARY

In 1973, radioactively contaminated soil amounting to approximately 43,000 tons
was deposited in the West Lake Landfill near St. Louis, Missouri. The material
originated with decontamination efforts at the Cotter Corporation's Latty Avenue
plant. Disposal in the West Lake Landfill was not authorized by the NRC. State
officials were not notified of this disposal in 1973 because the landfill was
not regulated by the State at the time.

In the period 1980-1981, Radiation Management Corporation (RMC) of Chicago,
I11inois, under contract to the NRC, performed a detailed radiological survey
of the West Lake Landfill. This survey showed that the radioactive contaminants
are in two areas. The northern area (Area 2) covers about 13 acres. The
radioactive debris forms a layer 2 to 15 feet thick, exposed in only a small
area on the landfill surface and along the berm on the northwest face of the
landfi1l. The southern area (Area 1) contains a relatively minor fraction of
the debris covering approximately 3 acres with most of the contaminated soil
buried with about 3 feet of clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dom-
inate radiological impact. The survey data indicate that the average Ra-226
concentration in the radioactive wastes is about 90 pCi per gram; the staff
estimates the average Th-230 concentration to be about 9000 pCi per gram.
Since Ra-226 has been depleted with respect to its parent Th-230, Ra-226 ac-
tivity will increase in time (for example, over the next 200 years, Ra-226
activity will increase ninefold over the present level). This increase in
Ra-226 must be considered in evaluating the long-term hazard posed by this
radioactive material.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including ORAU, UMC, and MDNR. Occasionally a sample of
water from a monitoring well exceeds slightly the EPA drinking water standard of
15 pCi gross alpha per liter. Sample analyses for priority pollutants (non-
radioactive hazardous substances) show a number of listed pollutants are present.
The landfill operators are also conducting a hydrogeological investigation.

From the RMC, UMC, and ORAU surveys conducted at the West Lake Landfill site
the staff has made the following findings:
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(1

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

From

There is a large quantity (on the order of 150,000 tons) of soil contami-
nated with long-lived radioactive material in the West Lake Landfill.
Almost all the radioactivity consists of natural uranium and its radio-
active decay products.3

Based on the radiological surveys, the radioactive wastes as presently
stored at the West Lake Landfill do not satisfy the conditions for

Options 1-4 of the NRC's Branch Technical Position (BTP) regarding the
disposal of radioactive wastes containing uranium or thorium residues.®

A dominant factor for the future is that the average activity concentration
of Th-230 is much larger than that of its decay product Ra-226, indicating
a significant increase in the radiological hazards in the years and '
centuries to come.

Some of the radioactive material on the northwestern face of the berm has
no protective cover of soil to prevent the spread of contamination and
attenuate radiation.

Slightly more than 8 acres of the site exceed 20 HR per hour; the highest
reading of 1600 uR per hour occurs near the Butler-type building.

Radon and daughters were measured at 0,031 WL in and around the Butler-type
building. This exceeds the BTP value of 0.02 WL.

Based on monitoring-well sample analyses, some low-level contamination of
the groundwater is occurring, indicating that the groundwater in the
vicinity is not adequately protected by the present disposition of the
wastes. «: :

Although these radiological conditions indicate that remedial action is
needed, it is unlikely that anyone has received significant radiation
exposures from the existing situation.

Sampling results show that chemically hazardous materials have been dis-
posed of adjacent to or possibly mixed with the radioactive material.?
It is possible that part of the radioactive material has become "mixed"
waste.

these findings and the information déve]oped to date, the NRC staff con-

cludes: (1) measures must be taken to establish adequate permanent control of
the radioactive waste and to mitigate the potential long-term adverse impacts

from
oped
tant

its existing temporary storage conditions and (2) the information devel-
to date is inadequate for a technological determination of several impor-
issues, i.e., whether mixed wastes are involved, and whether onsite dis-

posal is practical technologically, and, if so, under what alternative methods.

As indicated by the estimates developed by UMC. remedial action will be costly.
Further, the investigations to develop the necessary information to resolve
major questions and to provide a sound basis for evaluation of the feasibility
of disposal alternatives may also be costly. Therefore, it is necessary to
determine the way to accomplish the further studies and remedial actions that
are needed.
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